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PREFACE 



The following work aims at giving a popular and accurate 
view of the main principles of the science of Electricity, 
and at preparing the way for the technical or mathe- 
matical study of them. It is intended to embrace the 
same class of readers as the Chemistry of the course, 
namely, the senior pupils at school, and junior students at 
college. 

The work is divided into six sections ; each section is 
divided into chapters ; and each chapter into paragraphs. 
This division is made with a view to convey a clear idea 
of the connection of the main branches of the science, and 
of the various phenomena included under each. The fluid 
theories of electricity, on which the more usual terms of 
the science are based, are explained at suj£cient length. 
They are apt, however, to convey the idea that electricity 
is a principle distinct from matter, an impression not 
borne out by experience. Throughout the work, elec- 
tricity is looked upon as a peculiar action which the 
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molecules of matter, under certain conditions, exert on each 
other. A method of explanation is adopted in keeping 
with Faraday's theory of induction, and the manifest 
action of induction, in which it is assumed that electric 
action is one of contiguous molecules, and that nothing 
but molecular action travels iu a current; at the same 
time, each action is clearly described as it occurs, apart 
from theoretical considerations. 

Care has been taken, as far as possible iu an elementary 
work, to include the more recent iuventions and methods. 
The British Association unit of resistance is adopted iu 
the section on Gralvanism, and a chapter is afterwards 
devoted to the method of determining it, and to the 
system of measurement, of the current elements m electro- 
magnetic units. The French and German equivalent 
words are given where the same terms are not used. These 
equivalents frequently describe a piece of apparatus, or 
an electric action, from another point of view than thai 
from which the English words are taken. Moreover, 
many of them, either in themselves or in their transla- 
tions, have found their way into the English language, 
and they thus save the necessity of giving synonyms. 
A historical sketch is given at the end of each section 
or chapter, in which the author and the date of every 
important discovery or invention arf carefully noted 
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INTRODUCTION. 



All decide phenomena are studied imder three heads — 
Statical Electricity, Current Electricity, and Magnetism. 
Statical Electricity investigates the properties of electri- 
city which is insulated, or which is only tending to 
discharge. It is usually got by friction, and hence statical 
electricity and frictional electricity are frequently used as 
synonymous. Frictional electiicity as it is usually studied, 
however, not only treats of electricity in its statical 
condition, but of electricity passing in a single discharge 
or momentary current. In fact, a body is never charged 
except by means of discharge in some part of the line of 
action. Statical electricity always occurs in a dual form, 
namely, as positive and negative electricity, the charac- 
teristic property of which is attraction and repulsion. 
When positive and negative electricity neutralise each 
other through a conductor, the conductor shews no trace 
of either, but becomes possessed of entirely new properties, 
which are characteristic of electricity in discharge or in 
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motion. A continued discharge constitutes a current. 
Current Electricity, also called Dynamical Electricity, is 
chiefly obtained from chemical action (Galvanism), from 
mechanical action (Magneto-electricity), and from heat 
(Thermo-electricity). The properties of the current are 
manifested partly in its path, partly external to it. The 
current in its path possesses chemical, thermal, and 
physiological powers. External to its path, its action is 
closely allied with magnetism. When the path of the 
current has the form of a spiral, it possesses properties 
almost identical with those of the magnet. The distin- 
guishing property of the current external to its path, or of 
magnetism, is attraction and repulsion, but with con- 
ditions differing from those of positive and negative 
electricity. Magnetism thus appears to form a branch 
of current electricity. The action of magnets on each 
other, however, which properly constitutes the science of 
magnetism, may be studied quite apart from their apparent 
electric constitution. As the action of the earth on the 
magnetic needle must be understood before current 
strength can be measured, magnetism usually forms the 
first step in the science of electricity. 



EXPUNAnON OF ABBBEVIAnONS, 4o., USED THEOUGH- 

OUT THE WOEK. 



+ stands for Positive. 

— f. If Negative. 

E. » n Electricity. 

Ft. ,/ r French- 

Ger. n H Grennan. 

C If M Centigrade Thermometer. 

F II fi Fahrenheit's n 

( ) refers to the article given within ; or means, when the 

number is large, a date. 



FKENCH MEASUBES EEFEKRED TO EEDUCED TO 

ENGnSH. 



1 Metre . . ..is equal to 39*37 inches, about 40 inches. 

1 Millimetre. •03937 w » —ofaninch. 

1 Centimetre '3937 « " | " 

1 Cubic Centimetre ... "OOGl cubic inches, about fj of a cubic inch. 

1 Granmie 15*43 grains troy, n ^ of an ounce troy. 

A degree of the Centigrade thermometer is | of a degree of 
Fahrenheit's thermometer. Any particular temperature 
on the Centigrade scale is reduced to Fahrenheit's by 
multiplying it by | and adding 32^ 
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MAGNETISM. 

1. Magnetism is the power wMcli certain bodies called 
magnets have to attract iron. Magnets are of two kinds, 
natural and artifidaL Natural magnets consist of the ore 
of iron called magnetic,' familiarly known as loadstone, the 
chemical composition of which is given by the formula 
"Fefi^, This ore, although capable of becoming magnetic, 
occurs only occasionally naturally magnetised. The loadstone 
appears to have been first discovered in Magnesia, in Asia 
Minor, hence the name magnet Artificial magnets are, for 
the most part, straight or bent bars of tempered steel, which 
have been magnetised by the action of other magnets, or 
of the galvanic current No substance is indifferent to the 
magnet, though iron is most of all affected by it 

2. PoUaity of the Magnet— l!h& power of the magnet to 
attract 'iron is by no means equal 
throughout its length. K a small 
iron ball be suspended by a thread, 
and a magnet (fig. 1) be passed along 
in front of it from one end to the 
other, it is poweifully attracted at 
the ends, but not at all in the middle, 
the magnetic force increasing with the 
distance &om the middle of the bar. 
The ends of the magnet where the 
attractive power is greatest are called 
its poles. The concentration of free 
magnetic force at the poles of a magnet mi^y 'b^ ^*^ ^<s«9rEi.\s^ 

A 




Fig. 1. 
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dipping it in iron filings, when a tnffc of filings adheres to each 
extremity of it, and the middle is left bare. By causing a 
magnetic needle moving horizontally to vibrate in front of the 
different parts of a magnet placed vertically, and counting 
the number of vibrations, the rate of increase of the magnetic 
intensity may be exactly found, as will be afterwards shewn. 

Fig. 2 gives a graphic view of this increase. NS is the 
magnet ; the lines nN, aa, &c., represent the magnetic inten- 
sities at the points N, a, &c., of the magnet ; and the curve of 




magnetic intensity, TiaMaV, is the line formed by the extrem- 
ities of all the upright lines. It will be seen from the figure 
that the force of both halves, taMng M as the dividing-point, 
is disposed in exactly the same way, that for some distance on 
either side of the middle or neutral point there is an absence 
of force, and that its intensity increases with great rapidity 
towards the ends. The centres of gravity of the areas MN» 
and MSti' are the poles of the magnet, which must therefore 
be situated near, but not at the extremities. 

The lines of magnetic force proceeding from the poles of a 
magodt may be shewn by putting a piece of stiff drawing- 
paper <jver a strong magnetic bar, and strewing fine iron 
filings ovBT it. Not only is the position of the magnet below 
shewn on the pagor (fig. 3), but the particles of iron arrange 
themselves in lines which mark out theniagnetic cv/rves or 
lines of force. A magn^c curve is that described by the 
centre of gravity of a small needle, free to move any way when 
it is moved always in the direction pointed out by the needle 
£vjn one pole of a magnet to the other. 



luoKxinav. S 

The entire space thioiig}! which a magnet diAiees its infln- 
encebaibeen termeAhj 'Baiadej its magrtetie field. Aaniform 
loagnetic field is one in wMch tiie linee of f ittce are parallel to 
each other snchaa any email space m the fidd at aome distance 




from the poles. Any station an the earth's surface is aJso a 
nnifoim field. The moment of a magnet is the force lodged 
in one of ite poles moltiplied bj the distance between them. 

If between the magnet and flie ball in fig. 1 a sheet of paste- 
board, or any other material not containing iron, be interposed, 
theactionofUie former on the latter would not be lessened. It 
is thepecnlioiitjofmagnetic action thatitis transmitted through 
all snbstBnoee not decidedly magnetic with equal facility. Most 
sabetances are thus, so to speak, m^;netically transparent. 

a A magnet has, then, two poles or centres of tree magnetic 
fbroe, each having an equal power 
of Httracting iron. This is the only 
property, however, which they pos- 
Bess in common, for when the poles 
of one magnet are made to act on 
those of another, a striking dis- 
similaiity is brought to light. To 
show this, let us suspend a magnet^ ■ 
NS, fig. 4, by a stirrup of paper, 
M, hanging from a cocoon thread {or j,g, ,_ 

any fine thread without torsion]. 

When the magnet is left to itself, it takes up a fixed position, 
one end keeping north, and the other Bonth. Tli«, fiai&-^W 
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cannot be made to stand as a south pole, and vice versd; 
for when the magnet is disturbed, both poles return to 
their driginal positions. Here, then, is a striking dissimi- 
larity in the poles, by means of which we are enabled to 
distinguish them as north pole and south pole. When thus 
suspended, let us now try the effect of another magnet 
upon it, and we shall find that the pole of the suspended 
magnet that is attracted by one of the poles of the 
second magnet is repelled by the other, and vice versd; and 
where the one pole attracts, the other repels. If, now, the 
second magnet be hung like the first, it will be foimd that the 
pole which attracted the north pole of the first magnet is a 
south pole, and that the pole which repelled it is a north pole. 
We thus learn, that edch magnet has two poles, the one a north, 
and the other a sotUh pole, alike in their power of attracting soft 
iron, hit differing in their action on the poles of another magnety 
like poles repelling, and unUke poles attracting, each other. 
When a small magnetic bar, or needle, as it is called (fig. 5), 

is finely balanced by means of a 
small inverted agate cup on a fine 
needle of steel fixed to a stand, it 
may be used as a magnetoscope to 
indicate whether a piece of iron or 
steel is magnetic or not. If both 
poles of the needle are attracted 
indifferently by any end of it, it is 
not magnetic ; but if one pole be 
attracted and the other repelled, the 
Fig. 6. piece of iron or steel under examina- 

tion is magnetic. 
4. It might be thought that, by dividing a magnet at its 
centre, the two poles could be insulated, the one half contain- 
ing all the north polar magnetism, and the other the south. 
When this is done, however, both halves become separate 
magnets, with two poles in each — the original north and south 
poles standing in the same relation to the other two poles 
called into existence by the separation. We can therefore 
never have one kind of magnetism without having it associated 
in the same rmgnet with the same amount of the opposite 
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magnetism. It is this double manifestation of force whicli 
coi]J9titutes the polarity of the magnet, and a bar of iron 
which is made to assume these poles is said to be polarised. 

5. The fact of the freely suspended magnet taking up a. 
fixed position, has led to the theory, that the earth itself acts- 
much in the same way as a huge magnet, with its north and 
south magnetic poles in the neighbourhood of the poles of 
the axis of rotation, and that the magnetic needle or sus- 
peided magnet turns to them as it does to those of a neigh- 
bouring magnet All the manifestations of terrestrial mag- 
netism ^ decided confirmation of this theory. It isTn 
this view that the French call the north pole of the magnet 
the south pole (p6le aiL8tra£), and the south the north pole 
(pSle boreal) ; for if the earth be taken as the standard, its 
north magnetic pole must attract the south pole of other 
magnets, and vice versd. In England i and Germany, the- 
north pole of a magnet is the one which, when freely 
suspended, points to the north, and no reference is made to 
its relation to the magnetism of the earth. 

6. Form of Magnets, — ^Artificial magnets are either bar mag-^ 
nets or horseshoe magnets. When powerful magnets are to be 
made, several thin bars of steel are placed side by side with 
their poles lying in the same way. They end in a piece of iron, 
to which they are bound by a brass screw or frame. Three 
or four of these may be put up into the bundle, and these 
again into bundles of three and four (fig. 6). Such a collection 




Fig. 6. 

of maguets is called a magnetic magazine or battery. A magnet 
of this kind is more powerful than a solid one of the same 
weight and size, because thin bars can be more strongly 
and regularly magnetised than thick ones. Fig. 7 is a 
horseshoe-maguetic magazine. The central lamina protrudes 
slightly beyond the other, and it is to it \3aafc >iJs\fc ^rcw^- 
tare is attached, the whole action oi Vk"& xaaJgaaX. \i€ai% 



concentrated on the projection. A natniol magnet ia abrnm 
in %. a It ia a parallelopiped of m^netic iron oie, Ttith 
pieces of soft iron, NN and ^ bound to its poles by a bnn 





frame encircling the whole. The lower ends of tiie soft iron 
bars act aa the poles, and support the armature, A, 

7. JfagTwfw Imiuclim (Fr. iajtuenei, Ger. vertheilung).— 
Wben a short bar of soft iron, m (fig. 9), is suspended from 




one end, S, of the magnet, NS, it becomes for the time power- 
fiillj magnetic. It aasumes a north and south pole, like s 
regular maguet, ae may "be seen by using the small nu^uetic 
needle (fig. 6] ; and if its lower end, t, be dipped into iron 
filings, it attracts them as a magnet would do. When, it is 
taken away tmm NS, the filings fall off, and all trace of 
magnetiaa dimppeais. It need not be in aEt^o^ ciiDiaE,\, \o 
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shew magnetic properties ; when it is simply brought near, 
the same thing is seen, though to a less extent If the 
inducing magnet be strong enough, the induced magnet, n«, 
when in contact, can induce a bar like itseli^ placed at its 
extremity, to become a magnet; and this second induced 
magnet may transmit the magnetism to a third ; and so on, 
the action being, however, weaker each time. If a steel bar 
be used £ar this experiment, a singular difference is observed 
in its action ; it is only after some time that it begins to 
exhibit miagnetic properties, and, when exhibited, they are 
feebler than in. the soft iron bar. When the steel bar is 
removed, it does not part instantly with its magnetism, as the 
soft JKOL bar, but retains it permanently. Steel, therefore, 
has a force which, in the first instance, resists the assumption 
of magnetism; and, when assumed, resists its withdrawaL 
This is called the coereiiive force. The harder the temper of 
the steel, the more is the coercitive force developed in it It 
is this force also, in the loadstone, which enables it to retain 
its magnetism. 

The polarised conditbn of iron under induction seems to 
indicate that a substance which is attracted by the magnet 
must itself become magnetic. The attraction between a 
magnet and soft iron is thus essentially the same as that 
between two magnets. Hence we may conclude that vnctg- 
neUc attraction and repulsion take place only between magnets 
temporary or permaneTU, 

8. Magnetic Armatvres or Keepers (Fr. armv/reSy Ger. armor 
turen, anker in the case of horseshoe magnets) are pieces of soft 
iron that are placed at the extremities of magnets to preserve 
their magnetic power. When magnets are allowed to remain 
any length of time without such appendages, in consequence 
of the disturbing influence of terrestrial magnetism they lose 
considerably in strength ; but when they are provided with 
them, their magnetism is kept in a state of constant activity, 
and tiiereby j&om this disturbance. The reason of this is to 
be attributed to nuignetic induction. Eeferring to fig. 7, the 
north pole, N, of the horseshoe magnet, NHS, acting on the 
azmature, «n, induces it to become a magnet, having its south 
pole, s, next to N, and ita north pole, u, a\. ^^'ft cs^'^oisa^A 
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extremity. The pole S, by virtue of its magnetic affinitji 
poweifully attracts the north pole^ n, thus formed, and adds 
its own inducing influence to heighten the magnetic condition 
previously induced in the armature by the pole N. The 
armature, from the combined action of both poles of the 
horseshoe magnet, is thus converted into a powerful magnet, 
with its poles lying in an opposite direction to that of the 
primary poles. The original magnet is, in consequence, 
brought into contact with one of its own making, the exact 
counterpart of itself, the action of which being much more 
potent than that of the earth, effectually shields it &om 
terrestrial disturbance. The attachment of the armature to 
the magnet is greater when its contact with the magnet is made 
by a rounded edge instead of a plane surface. It is due to 
the same mutual attractions that a much larger weight can 
be suspended from the armature thus placed, than what the 
single poles can together sustain. Bar magnets may be armed 
in the same way by laying them at some distance parallel 
to each other, with their unlike poles towards the same parts, 
and then connecting their extremities by two pieces of soft 
iron (flg. 12). When a magnet, such as a compass-needle, is 
&ee to take up the position required by the magnetism of the 
earth, the earth itself plays the part of an armature. 

9. Magnetisation, — By Single Touch (Fr. sim/ple touche, Ger. 
einfacher Strich), The steel bar to be magnetised is laid on 
a table, and the pole of a powerful magnet is rubbed a few 
times (ten to twenty) along its length, always in the same 
direction. K the magnetising pole be north, the end of the 
bar it first touches each time becomes also north, and the one 
where it is lifted south. The same thing may be done by 
putting, say the north magnetising pole first on the middle 
of the bar, then giving it a few passes from the middle to the 
end, returning always in an arch from the end to the middle* 
After doing the same to the other half with the south pole, 
the magnetisation is complete. The first end rubbed becomes 
the south, and the other the north pole of the new magnet — 
By Dvvided Tovxh (Fr. UmcKe siparee, Ger. getrennter Strich), 
This method is shewn in ^. 10. The bar, ns, to be magnetised 
is placed on a piece of wood, W, with its ends abutting on 
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the extremities of two powerful magnets, NS and SN. Two 
mbbing magnets are placed with their poles near, but not 
touching, on the middle of ns, inclined at an angle rather less 
than 30° with it. They are then simultaneously moved away 
form each other to the ends of ns, and brought back in an 




Fig. 10. 

arch again to the middle. After this is repeated a few times, 
the bar ns is folly magnetised. The disposition of the poles 
is shewn in the figure by the letters N or n, meaning a north, 
and S or «, a south pole. This method communicates a very 
i^ular magnetism, and is employed for magnetic needles, or 
where accuracy is needed. — The magnetisation by Double 
Touch (Fr. double touchcy Ger. doppel Strich), The arrange- 
ment at th6-<^nmiencement of the double touch is the same 
as that shewn in fig. 10, only a small piece of wood is placed 
between the two stroking magnets to prevent contact, and 
their angle with the bar to be magnetised is less from 15° to 
20°. The two magnets are drawn along from the middle to 
one end, and then back to the other, and so backwards and for- 
wards from ten to twenty times, and lifted from the magnetised 
bar again at the middle. Care must be taken that both ends 
have been stroked the same number of times, and that the 
lower poles of neither of the stroking magnets go beyond the 
ends of the bar. When this is done to both upper and lower 
surfaces, the bar is folly magnetised. This method is used 
for thick bars. It communicates a powerfol, but sometimes 
irregular magnetism, giving rise, when the poles of the strok- 
ing poles are not near each other, to consecutive poles (Ger. 
Folg^puncte) — that is, to more poles than two in the magnet, 
as if say three magnets were placed in a line, tbe middl*^ Qi\i<^ 
lying m Hbe opposite way to the other two. 
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For hoiseahoe magnets, Hoffer'a metliod is generallj 
followed. The inducing magnet (fig. 11) is placed yezfcically 
on tke magnet to be foimed, and moved &om the ends to tiw 
bend, or in the opposite way, and brought round again, in an 
arch, to the starting-point. A soft iron annatoie is placed at 





Fig. u. 



Fig. 18. 



the poles of the induced magnet. That the operation may 
succeed well, it is necessary for both magnets to be of the 
same width. The same method may abo be followed far 
magnetising bars. The bars (fig. 12) NS and N'S", with the 
armatures ah and cd, are placed so as to form a rectangle ; 
and the horseshoe magnet is made to glide along both in the 
way just described. . 

By the Galvanic Current — This is done by placing the 
bar to be magnetised inside a flat coil of insulated wire, 
through which a galvanic current is circulating^ and 
moving it backwards and forwards as in double touch. 
The circuit is closed when at the beginning of the operation 
the middle of the bar is at the coil, and opened when the bar 
stands again at the middle at the end of it. The magnetism 
induced in this way is much weaker than that got when the 
came strength of current is employed through the intervention 
of an electro magnet Thick bars ot la.oTOftft\io«ft ot tha 
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hardest temper can be easily magnetised with a strong electro- 
magnet by rubbing each half of the bar or horseshoes on a 
different pole, beginning at the middle, affcer the method of 
single touch. Electro-magnets fear transcend permanent 
magnets in powex. 

Magnetisation hy the Earth, — ^The inductive action of 
tenestiial magnetism is a striking proof of the truth of the 
theory already referred to, that the earth itself is a magnet. 
When a steel rod is held in a position parallel to the dipping- 
needle, it becomes, in the course of time, permanently mag- 
netic This result is reached sooner when the bar is rubbed 
with a piece of soft iron. A bar of soft iron held in the same 
position is more powerfully but only temporarily affected, 
and when reversed, the poles are not reversed with the bar, 
but remain as before. If when so held it receive at its end a 
few sharp blows of a hammer, the magnetism is rendered per- 
manent, and now the poles are reversed when the bar is 
reversed. The torsion caused by the blows of the hammer 
appeals to communicate to the bar a coercitive force. We 
may understand from this how the tools in workshops are 
generally magnetic. Whenever large masses of iron are 
stationary for any length of time, they are sure to give 
evidence of magnetisation, and it is to the inductive action of 
the earth's poles acting through ages that the magnetism of 
the loadstone is to be attributed. 

10. SaturaMon Poimt, — ^Magnets, when freshly magnetised, 
have sometimes more magnetism than they can retain per- 
manently. In that case, they gradually fall off in strength, 
till they reach a point at which their strength remains con- 
stant This is called the poimt of saturation. If a magnet has 
not been raised to this point, it will lose nothing after mag- 
netisation. We may ascertain whether a magnet is at satura- 
tion by magnetising it with a more powerful magnet, and 
seeing whether it retains more magnetism than before. The 
saturation point depends on the coercitive force, or temper, of 
the magnet, and not on the power of the magnet with which 
it is rubbed. When a magnet is above saturation, it is soon 
reduced to it by repeatedly drawing away the armature from, 
ife After Teaching this point, magnets mW. "kae^ ^<i ^«sQl^ 
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Btrength for years together if not subjected to rough 
usage. 

11. Power of Magnets.— The power of a horseshoe magnet 
is usually tested by the weight its armature can bear without 
breaMng away from the magnet. Hacker gives the foUowing 
formula for this weight : W ^= a^m^ ; W is the charge 
expressed in pounds ; a, a constant to be ascertained for a 
particular quality of steel ; and m is the weight in pounds of 
the magnet. He found, in the magnets that he constructed, 
a to be 12*6. According to this value, a magnet weighing 2 oz. 
sustains a weight of 3 lbs. 2 oz., or twenty-five times its own 
weight ; whereas a magnet of 100 lbs. sustains only 271 lbs., 
or rather less than three times its own weight. Small magnets, 
therefore, are stronger for their size than large ones. TJie 
reason of this may be thus explained : Two magnets of the 
same size and power, acting separately, support twice the 
weight that one of them does ; but if the two be joined, so as 
to form one magnet, they do not sustain the double, for the 
two magnets being in close proximity, act inductively on 
each other, and so lessen the conjoint power. Similarly, 
several magnets made up into a battery have not a force pro- 
portionate to their number. Large magnets in the same way 
may be considered as made up of several lamina, interfering 
mutually with each other, and rendering the action of the 
whole very much less than the sum of the powers of each. 
The best method of ascertaining the strength of bar-magnets 
is to cause a magnetic needle to oscillate at a given distance 
from one of their poles, the axis of the needle and the pole 
of the magnet being in the magnetic meridian. These oscil- 
lations observe the law of pendulum motion, so that the force 
tending to bring the needle to rest is proportionate to the 
square of the number of oscillations in a stated time. 

12. Action of Magnets on each other. — Coulomb discovered, 
by the oscillation of the magnetic needle in the presence of 
magnets in the way just described, that when Tnagnets are so 
placed that two adjoining poles may act on each other without 
the interference of the opposite poles, that is, when the magnets 
are large compared with the distance between their centres, 
their attractive or repulsive force varies inversely as the square of 
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the distance. The manner in whicli he proved this will be 
best understood by taking a case. The suspended needle 
ns (fig. 13)y when disturbed from its position of rest, makes 
ten oscillations a minute under the force of the earth's mag- 
netism. When the pole S of the magnet 
NS, which is so long that the pole N 
is beyond the sphere of action, is placed 
at a distance of two inches from n, the 
number of oscillations in the minute is 
36. When at four inches, 20. In the 
last two cases the oscillations are made 
under the combined force of the mag- 
netism of the earth and of the magnet. 
This combined effect at two inches 
stands to the terrestrial magnetism as 
36^ is to 10^, and at four inches as 202 to 
lO^. Now, the difference between 36^ 
and 10*, divided by the difference between 20^ and 10^, gives 
the relative powers of the magnet on the needle at two 
and at four inches. But 36^ — 10^, or 1196, is very nearly 
four times 20^ — 10^, or 300, so that the magnet is only 
one-fourth as powerful at four inches as it is at two. The 
attractive powers are thus as 1^ to 2^ — i. e., inversely as the 
squares of the distances. K the poles had been like, the 
same would hold of the repulsive power. The law of the 
action of magnets on soft iron^ induction was ascertained by 
Sir William Snow Harris in 1827. It is as follows : The 
magnetic development in the soft iron is directly proportional 
to the power of the inducti/oe ^ce^ and irwersely as the distance. 
In the measurement of magnetic forces, repulsion is mea- 
sured when practicable in preference to attraction ; because 
attraction may be wholly or partially due to induction, 
whereas, repulsion can only arise from the original forces in 
each. 

13. Effect of Heat on Magnetism, — ^A magnet loses in power 
as it rises in temperature, and as it cools again it acquires 
again a portion of its lost strength. When it is raised to the 
same temperature several times, or when it ia kept a sufficient 
length of time at it, it reaches a condition in which it suffers 
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no farther pennanent loss by being again heated np to the 
same temperature. The more strongly the bar is magnetised, 
the less is it aflfected by temperature. The change of inten- 
sity produced by ordinary temperatures is littiLe, if anything. 
At a white heat, a magnet loses permanently all trace of 
magnetism. When, however, it is again tempered and mag- 
netised, it resumes its magnetic properties. Barlow found 
that soft iron steel and cast iron, when temporarily magnetic 
— ^that is, when under induction — ^have a greater magnetic 
capacity as their temperature rises until they reached a blood- 
ied heat Beyond this, they become less susceptible to the 
influence of the magnet, and at a white heat they are quite 
indifferent to it The temperatures at which other substances 
affected by the magnet become indifferent to it, is different 
from that of iron. Cobalt is attracted by the magnet at the 
highest temperatures, and nickel loses this property at 662® F. 
14 Theories of Magnetism. — ^The best known theory of 
magnetism is that of the two fluids. It is thought that the 
power of the magnet anses from two magnetic fluids existing 
in it These fluids are considered to be attractiye of the 
matter of the magnet and of each other, but repulsive of 
themselves. By magnetisation, the fluids which, when they 
exist together, exhibit no magnetic properties are made to 
separate. At first, it was thought that in a magnet each fluid 
b^^une insulated on its own half of the magnet, but this 
hypothesis was found to be mitenable from the fact that 
when a magnet was broken in the middle, each fragment had 
both kinds of magnetism, like the original magnet To meet 
this inconsistency, it was next supposed that each particle of 
the magnet was itself a magnet like the whole, and that break 
it where yon may, you have in the pieces the same consti- 
tution as in the whole. Magnetisation was considered only 
to separate the fluids m each particle. A more recent theory 
suggests, that all substances capable of becoming magnetic 
consist of particles, each of which is a pennanent magnet ; 
that these infinitesimal magnets have their poles turned in 
all different directions, so as to neutralise each other when 
the whole is not magnetic ; that magnetisation has the effect 
of bringing the poles of these particles round so as to lie in 



TEBBESTBIAL liAGNETISH. 15 

the same directiou ; that this coinddeuce of poles in the case 
of soft iron takes place only when the iron is under induction ; 
that in the case of steel it takes place permanently ; and that 
the degree of magnetisation is due to the completeness of the 
coincidence. This last way of conceiving of the composition 
of a magnet is both simple and satisfactory. The fluid theory 
of magnetism simply describes its phenomena under the 
figure of two fluids. Ampere's theory of the electric consti- 
tution of a magnet, which shall be afberwaids dfiscnbe4» 
introduces an entirely novel view of it 



Terrestrial Magnetism. 

15. The DvrecUm AcUon of Terrestrial Magnetism. — ^The 
action of the magnet is so allied with the magnetism of the 
earth, that we cannot study the one apart from the other. The 
action of the earth on a magnet is simply dvrectvve ; that is, it 
detenoines the position of the magnet relatively to the cardinal 
points of the horizon, but effects no strain or tendency to trans- 
lation on the poiot on which the magnet is balanced. This is 
usually shewn by making the centre of a magnetic needle rest 
on a piece of cork floating on water. The needle when so 
sustained comes round to a north and south position, but the 
float lemains at the same point on the surfeu^ of the liquid. 
The leaaon of this may be given thus : the magnetic poles of 
the earth are so £EKr distant from the magnet, that, practically, 
the north and south poles of the magnet are at equal distances 
horn them. Accordingly, whatever attraction, say the north 
pdLe of the earth has to the north pole of the magnet, it 
ezeits an equal repulsion on the south pole of the magnet 
The two effects counteract each other. The same holds for the 
actu»i of the south terrestrial pole. The combined effect of 
the two terrestrial poles, in attracting or repelling the magnet 
as a whole, is thus null, and is limited to fixing the direction 
of the needle when at rest 
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We are so accustomed to see the directive power of the 
earth's magnetism exhibited in the compass, that we are 
inclined to think that it is only exerted on a needle moving 
in a horizontal plane. Such, however, is not the case. 
When a needle is so supported that it can move freely 
in a vertical plane, it does not remain horizontal, but 
inclines towards the ground. It is impossible so to support a 
magnetic needle that it is at the same time free to move in a 
horizontal and in a vertical plane. The power of the earth in 
determining the position of the needle in a vertical and in a 
horizontal plane, must be exhibited by two separate needles. 
If it were possible to hang a needle in the air, so as to leave it 
perfectly free to take up any position, it would shew us folly 
the directive action of the earth. Such a needle would not 
only point north and south, but when so pointing would, at 
most places on the earth's surface, make a certain angle with 
the horizon. The position taken up by such a needle would 
shew the direction in which the earth's magnetism acts, and if 
we knew, in addition to this position, the force that kept it in 
that position, we should know the direction and amoimt of the 
earth's magnetic force for the place of observation. In con- 
sequence of our inability to suspend a needle so as to give it a 
perfectly free universal motion, the direction must be ascertained 
by two separate observations, viz., the position of rest of a needle 
moving in a horizontal plane, and that of one moving in a 
vertical plane. The former of these is termed the declina- 
tiony and the latter the inclination of the needle. A com- 
pUte knowledge of the earth! 8 magnetism at any place tJierefore 
implies that three things are "known — declination^ incli/nation, 
and intensity. These are termed the mxi/gvMic elemenis (Qer. 
constanten) of the place. 

16. Definition of the Magnetic Elements. — Declination, — 
When a magnetic needle is suspended or made to rest 
on a point so as to be free to move in a horizontal plane, 
it finds its position of rest in a line joining two fixed points 
on the horizon ; and when made to leave that position, 
after several oscillations, it returns to it again. At certain 
places on the earth's surface, these two points are the north 
and south points of the horizon ; but generally, though near, 
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they do not coincide with these. A vertical plane passing 

through the points on the horizon indicated 
by the needle, is called the magnetic meridian^ 
in the same way that a similar plane, passing 
through the north and south points, is known 
as the astronomical meridian of the place. 
The angle between the magnetic and astro- 
nomical meridians is termed the declination or 
variation of the needle. Thus, if NS (fig. 14) 
be the line of the astronomical meridian, and 
ns the line joining the poles of the needle, the 
angle NCn is the declination. The declina- 
tion is east or west, according as the magnetic north lies east or 
west of the true north. 

Dip or Inclination, — ^If a magnetic needle be supported so 
as to be free to move vertically, it does not at most places on 

the earth's surface rest in a hori- 
zontal position, but inclines more 
or less from it. If the vertical 
plane in which, the needle moves 
is the magnetic meridian of the 
place, the angle between the needle 
and the horizontal line is called 
the dip or inclination of the 
needle. Thus, if the needle 
(fig. 15), NS, be supported at its 
centre, C, so as to be free to move 
vertically, the plane of the paper 
being supposed to be that of the magnetic meridian, the 
angle NCa is the dip. 

Intensity, — ^The amount of force which brings a magnetic 
needle, of unit size and strength, capable of universal motion 
round its centre of gravity, when driven from the position in 
which it rests under the influence of terrestrial magnetism, 
back to that position again, constitutes magnetic intensity. 
The needle may be looked upon as a magnetic pendulum, with 
magnetism, instead of gravity, as the force acting on it 

17. Besolution of Total Magnetic Force.— "Let '^^ ij!L<^.\^\k^ 
a needle adjusted on the point p, so as to mo^^ Vel ^Vorasyo^s^ 
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plane. It is represented as lying in the magnetic mAriHiim , 
It is supposed to be in a northern latitude, so that the north 
pole of the magnet is attracted, and the south pole repelled, by 
an equal force. The total magnetic force of the earth, repre- 
sented by the lines NC and Se, in magnitude and direction, 
tends, when acting on N, to draw it down, when on S^ to send 
it up, with an equal force. The two equal and opposite 
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parallel forces, NC and Sc, form with the needle a couple 
tending to make it rotate in the direction of the hands of a 
watch. The resistance of the point on which the needle 
moves counteracts this tendency, and keeps the needle 
horizontal The total forces, NC and Sc, may be resolved 
each into two others acting vertically and horizontally ; that 
is, perpendicular to, and in the plane of, the needle's motion. 
The construction is exactly alike, so far as magnitude is 
concerned, at N and S, but it is opposite in direction. The 
vertical resolved parts of the earth's magnetism, which axe 
alone concerned in determining the position, of a needle 
moving in a vertical plane, are N£ and S5. As the needle 
Tn/ust remain horizontal, these have no effect on the needle* 
NA and Sa are the horizontal resolved parts, and they alone 
are concerned in the motion of a needle free to move in a 
Jioimmtal phae, NA and Sa, \)dng eqvxaX ukA o'<SPS^Q«ite^ 
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counteract each other. Suppose, now, the needle moved from 
its position of rest to that shewn by the dotted needle, N'S'. 
The earth's magnetism must act on N' and S' as it did on N 
and S, and consequently a similar resolution may be made. 
This resolution takes place in planes parallel to tiiie former, 
and perpendicular to the circle or plane in which the needle 
moves. The vertical resolved parts, N'B' and S'ft', are counter- 
acted as before by the supporting point, but the horizontal 
resolved parts, N'A' and SV, form a couple, bringing the 
needle back to its first position. They act, however, obliquely 
on the needle, and to ascertain their ejffective force we must 
again resolve them as done in fig. 17. The resolution takes 
place in this case in the plane of the needle. The parts N'T 



Fig. 17. 

and Sy, being equal and opposite, counteract each other, and 
the two efEectlve parts, N'E and S'e, alone make the needle 
rotate. Let NC = T, the total intensity ; NB = I, the vertical 
intensity ; NA = H, the horizontal intensity ; angle ANC = », 
the angle of dip ; then I = T sin. t, H = T cos. i, I = H tan. *. 
18. Instruments for Ascertaining Magnetic Elements. 
^-^Declmometer, — ^Instruments for determioing magnetic de- 
clination are called declination needles or declinometers. In 
these instruments there are two things essential — ^the means 
of ascertaining the astronomical meridian, and a needle for 
shewing the magnetic meridian. Fig. 18 represents a common 
f onn of the declinometer. Upon a tnpo^ igtarvS^ft. 'VRSiiSBL 
IffveDjBg screws Btaada the pillar P, to 'wVns^ \a to.^ ^^ 
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graduated azimnthal circle CC. The compaas-boz B, yn& &e 



yemier V, attached to it, ir 




Fig. 18. 



the azimathal circle by 
means of a pirot at the 
piDar P. Two aprig&ta, 
U, U, are fixed ta the 
aide of the cotnpaso-boz, 
on the tops of vHeh 
leats the axia of flie 
telescope, T. A gradn- 
ated an:, A, ie fixed to 
the hottom of one of the 
uprights, and the angle 
of elevation of the tele- 
Bcope ig marked by the 
vernier on the ana E, 
attached to the axis of 
the telescope. A level, 
L, is also hong on the 
axis of the telescope, for 
adjusting the inatrument 
Inside the compass-box 



is another graduated circle, F, the line joining the aero- 
pointa of which ia parallel to the aiia of the telescope. 
All the fittings are in brass or copper, iron, of course, 
being unsuitable. It will be easily seen that the compaae- 
boi and telescope move round as one piece on an axis 
passing through the centre of the aiimuthal circle. When 
an observation is made, the telescope is pointed to a Star 
whose position with regard to the astronomical meridian 
is known at the time of observation. The telescope with 
the compass-box ia then brought the proper number of 
degrees on the azimuthal circle, until its axis is in the 
meridian of the place. If, when the telescope . ia in this 
position, the north end of the needle stand at the zero-point 
of the inner circle, the declination wonld be 0° ; but if it lie 
east or west of this point, the declination is shewn by the 
degree at which the needle stands. It is difficult to construct 
a needle so that the line joining its poles exactly coinddea 
witb the line joining its visible extreHuliea. li ftoa 
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coincidence be not perfect, the geometrical axis of the needle 
according to which the reading is 
made lies to the right or left of the 
magnetic axis^ and consequently of 
the true reading. To remedy this, 
the needle is so made that it can rest 
either on its lower or upper surface. 
In finding the true reading, the posi- 
tion of the needle is marked, and 
then it is turned upside down, and 
again- marked, the mean of the two 
readings giving the Jkrue one. This 
is easily seen in fig. 19. The declination of the needle may be 
also ascertained by the dipping needle. 

Gausis Magnetometer, — A declinometer like the one just 
described, can only give the declination approximately. To 
be quite exact, the needle would require to be very long, so as 
to allow the divisions of the circle on which it moves to shew 
very small angles. This, however, would be attended with the 
objection that a very long needle moves with considerable 
friction on its axis, so that what we should gain in the number 
of divisions on the circle we should lose in the sensibility of 
the needle. Gauss's magnetometer obviates this objection. 
Fig. 20 gives a general idea of the action of the instrument. 




Fig. 20. 



NS is a magnetic bar, suspended by a wire or a few tmtwisted 
filaments of cocoon silk sufficient to sustain its weight, which is 
a few poimds. It is enclosed in a glass case, not shewn in the 
figure, to shield it firom currents of air. Oil tVia i^ft^ ^ '^'^^ 
centre of the har by which it is suspendeA. a scmS^iomxqx,^^^^ 
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is fixed, the plane of whidi is at right angles to the line joimiig 
the poles of the bar. A few yards from the bar, a theodolite^ 
T, and a scale^ S, about a yard long, are placed, the one a lifetlA 
above, th.e other below the mirror, so that the diyisions of &0 
scale may be seen reflected at the cross-wires of the theodolite. 
A small plummet hangs down from the object-glass of the 
theodolite, the thread of which stands in front of the zero ok 
middle point of the scale. When the thread of the plionmet 
is seen reflected, the axis of the theodolite is accurately in the 
magnetic meridian. When a magnetic bar is hung in this 
way it never stands still, but is constantly mitViTtg small 
oscillations, shewing that the magnetic meridian is ever 
moving to and fro, and is no fixed plane like the astronomical 
meridian. It is not so much, then, when the reflection oi the 
thread is seen at the cross-wires as when the needle oscillates 
to equal distances on each side of it, that the axis of tiie 
theodolite is in the mean magnetic meridian. This being 
ascertained, the theodolite has only to be turned to some 
object known to be in the astronomical meridian, and the 
difference of the readings gives the declination. The scale is 
placed at right angles to the magnetic meridian. We shall 
afterwards find that the needle makes various small deviations 
from its mean position in the course of the day. These the 
magnetometer, from its extreme delicacy, is well fitted to 
record. Suppose, for instance, that the needle appears to 
oscillate, not round the zero point, but round a point P, say 
an inch from it. Now, as we know the distance of the scale 
from the mirror, say it be in this case 15 feet, we can 
easily tell what the angle PMO is— viz., 19' 6" (tan. 

PMO = ;jrjr^ = Tqt;^ fro^ the trigonometrical tables ; or by 

taking 1 inch as the arc of a circle whose radius is 15 feet, 
and whose circumference of 360° is 3*1416 times 30 feet, it 
can be shewn by an easy geometrical construction that the 
apparent angle is twice the angle that the mirror or the 
magnet describes, so that the real deflection of the needle in 
this case is 9^ 32". The observation is here taken as correctly 
as if a needle 30 feet in length had moved through an angle 
P' 5yi or deaciihed an arc of half an inch, on s^ ^O-ioot circle. 



Expert olMatren ran read an angle of a" h^r the n 
It cuk also be easily nndentood lioir, if a lamp be placed 
TheiB the theodolite in, and be made to tranemit a laj of 
light to the miiTor, that thia Tsy would be reflected on the 
eeale, and that if instead of the aeale a piece of senutased 
photographic papei were placed, and moved upward* or down- 
warda at a given rate, the needle would permanently record 
it* own motionB. A aelf'iecording ayatem cm this principle, 
invented by Mi Brooke, ia adopted in almoet all obserntorjes. 
The JforuMf'* Oompatt ia alao a declinometer, for it mnst 
be alwi^'wed with reference to the troe north of the i^on 
where it acta. It conaiats of a needle nicely poised on a point, 
with « ccoaa-bar of 



copper or btaas at its 
middle. The needle and 
box ffipport a caid 
above, wMch ia marked 
with 3S pointa, each 



1 ^ ¥ 



11° 



16'. 




These are shewn in tiie ^ 
annexed figme (fig. 81). -WIS V 
The north and south i.-t^'^V^ 
pointa ot ttua card lie ^^\ 
diieedj ore* the needl^ "^ 

80 lAiat the card, and 
not the needle, indioates 
these cardinal points to p j„ ^i. 

tkeobeerrer, 'Ate whole 

ia eikcloeed in a tnvsa or coppet bowL This is placed within a 
ling, which moves by two pivots in another ting, itself sup- 
ported by two pivolfl at right angles to the Other two. Theee 
two nnga are called the gimiah. The compaas-box and card 
thns eapported remain always horizontal, whatever be the 
motion of the vessel in which it is placed. Inside the 
cccopasB-box a vertical black line is marked, called the lubber- 
line, wbich is in the axis of the ship or in the line of the 
shij/s motion. The point of the card that liea at the Inbber- 
line ahews how the ship is going. 
The great dMonltj connected willi tV Tise ot 'Cuft -maioisi*. 
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compass arises from the disturbing influence of the magnetifla 
of the ship. This difficulty is particularly felt in iron vesselB^ 
where the deviation of the needle is frequently so confidder- 
able as to render the compass almost useless. Various means 
of obviating this have been suggested ; one of these is to plaoe 
bars of soft iron or magnets in the immediate neighbonrhood 
of the binnacle, which being so placed as to cause a contraiy 
disturbance to that of the iron of the ship, leave the needle 
comparatively free. This is found to answer well in iron 
ships plying between British and continental or North Ame- 
rican ports ; but where, as in the Australian passage, they 
change considerably their latitude, such an arrangement is 
found to be worse than useless, as the magnetism of the 
vessel changing with the latitude causes an ever-varying 
deviation of the needle. It has likewise been suggested to 
place a compass as a standard at the mast-head, where it 
would be comparatively free from the attraction of the vessel, 
by which the ship's course might be shaped, the ordinary 
compass being used merely to give immediate direction to the 
steersman. In the royal navy this error is to a large ext^it 
obviated in the following way. A compass is placed so hi^ 
above the deck as to clear the bulwarks, and allow the 
bearings of a distant object on shore or a heavenly body to 
be taken while the ship's head makes a complete circuit In 
this way, the deviation caused by the iron of the ship in all 
different positions may be ascertained, and afterwards taken 
into account. 

Dipping Needle. — ^The dip of the magnetic needle at any 
place can be ascertained with great exactness by means of 
the dipping needle, fig. 22. It consists of a graduated circle, 
AA, fixed vertically in the frame FF, and moving with it 
and the vernier V, on the horizontal graduated circle HH. 
This last is supported by a tripod furnished with levelling 
screws. At the centre of the circle C, there are two knife- 
edges of agate, supported by the frame, and parallel to the 
plane of the circle. The needle, NS, rests on these knife- 
edges by means of two fine polished cylinders of steel, which 
are placed accurately at the centre of the needle, and project 
atr^htanglea from it; so adjusted, the nfcedift moves with 
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little or no iriction. It is so made, moreover, that before 
being niagnetlBed it remaina indifferently in any pOHition ; 
after magnetisation, tbeiefore, the dip which it shewa ia 
wholly due to the mag- 
netic influence of the 
earth. It will be seen 
fnnn fig. 16, that when a 
needle ie capable of ver- 
tical motion, the earth's 
magnetism will swing the 
needle round until it is 
as nearly as possible in 
a line with it When the 
needle is in the magnetic 
meridian, this can be 
done fully, for the needle 
can be mode to coincide 
with it in direction. The 
cffople CNSe is in that "' 
case a straight line. 
When the needle moves _ 

in a plane at i%ht angles rj, jj. 

to the meridian, then the 

vertical component alone affects its position, and places it 
vertical in a line with itsel£ In this case BNSi is a 
str^ght line. Between these two positions the needle shifts 
from the vertical position to that of the direction of the dip, 
and is always more inclined to the horizon than in the 
meridian. We have thus two ways of finding the meridian. 
When the needle stands upright at 90°, it ia at right angles 
to the meridian ; and by moving the vernier over 90°, we 
can place it in the meridian. Again, that plane in which 
the inclination of the needle ia leant is the plane of the 
meridian. The degree pointed to on the circle when in the 
magnetic meridian is the angle of dip. The dip may also 
be got with even more accuracy by observing the effect pro- 
duced by bars of soft iron placed vertically in the neighbour- 
hood of a declination needle on the needle ■, \in.1, Y\i.« -'^tos^^x^ 
j> aomewbat detailed, and beyond the BOcfpe tS XioiVi'^ • 
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IfUemUy Needles, — ^The total intensity of the earth's mag- 
netism is got by first ascertaining experimentally its hodzon- 
tal intensity. The total intensity is got by diyiding tbe 
horizontal intensity by the cosine of the angle of d^ 
(17). The horizontal intensity is measuied by the numbear 
of oscillations that a needle makes when disturiied in a given 
time. Thus, if at one point on the earth's sniface the same 
needle makes twenty oscillations per minute, and at another 
twenty-one^ the xelatiTe horizontal intensities at the two 
places would be as 20^ to 21^ as 400 to 44L If the boiiacHi- 
tal intensity of any point on the earth's surface be taken 
as unity, other intensities may be expressed in tenna of 
it. The method of ascertaining intensity just described is 
open to olyjectiotty as it is difficult to know whether the 
magnetic conditioiB of the needle remains unaltered during 
the course of the observations at different stationa. Qauss 
avoided this error by reducing the intensity to an abso- 
lute, not a xelative standard. This he did by taking into 
account not only the oscillations of the needle under obser- 
vation, bnt also its deflecting power on another needle at a 
stated distance. The data thus obtained gave him suffident 
to divest the magnet of its peculiarity, and enabled him to 
express the intensity in absolute units. Thus, the horizontal 
intensity of London (January 1865) is 1*764 metrical units, 
which signifies that a south pole weighing one gramme, and 
of an ideal, but definite unit magnetic force, would, suppoaing 
it were insulated and free to move in a horizontal plane, 
acquire a velocity southward of 1*764 metres per second. 
In British units expressed in feet with the mass of a grain 
instead of a granmie, the same is 3*826. 

Oausi^e Bifila/r Magnetometer is used for indicating local 
changes of terrestrial magnetism. It consists essentially of 
a magnetic bar hung by two threads, as roughly shewn in 
^. 23. So long as the plane of the bar and of the two threads 
coincide with the magnetic meridian, there is no strain on 
the threads ; but if the points of suspension be turned round, 
then the bar will take up an intermediate position determined 
by the intensity of the earth's magnetism striving to put the 
harm the meiidmn, and by the spiiai tomon of tke threads 




striYing to biiiig the bar into a line with the points of 
snspenfiion. The instrument is capable of ai^ amount of 
delicacy, according as the threads 
are lengthened or brought near 
each o&i'es. For observiUion, the 
threads are so twiaked as to put 
die bar peipendieolar to the 
magnetic meridian. In this posi- 
tion, the small changes of de- 
clination that take place in tl^ 
coarse of the day may be pic.ss. 

neglected. The force necessary 

to twist the bar through anyvangle is got by experiment, and 
is nsed in interpreting the indications of the instrument. A 
mirror is attached to the bar, and observationB taken as with 
the magnetometer. 

19. Magnetic ChoflrU, — The magnetic elements have been 
ascertained with great care at different portions of the 
earth's surface. The knowledge thus obtained has been 
embodied in magnetic charts, in which the points at which 
the declination is the same are joined by lines, and simi- 
larly those where the dip and intensity are aUke. The 
lines of equal declination are called isogonic lines ; those of 
equal dip, isodinic ; and those of equal intensity, isodynamic 
lines. As the magitetism of the earth is subject to a slow 
secular yaxiatkm, such charts are only true for the time of 
obseryatitm. The chart, fig. 24, was drawn np by Colonel 
Sabine for the year 1840, and gives an approximate view of 
the lines of eqnal declination for that year. The change since 
1840 has been small, so that an isogomc chart isx the pre- 
sent time would differ but slightly from it The chart 
sufficiently explains itself. Attention may, however, be given 
to one or two points. The declination is madked on each 
Hue. Thus the line ^passing through England, for instance, is 
marked 25% and that passing north-west of the Bxitiah Islands 
30°. At places nnder those Hnes, the needle points to a north 
25*' and 30° west of the true north. On the space intervening 
between these lines, including Scotland and Iielaaaji, ^ ^iftTssR/- 
tion^ yajjing from 0° to 6°, must be madfe aacot^Mi^ ^& *0q.^ 
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statdon lies more towards the one line than the other. The 
westerly line of no declination passing northward cuts off the 
eastern comer of South America, proceeds to North America, 
which it enters at North Carolina, traverses the continent by 
Lakes Erie and Huron and the west of Hudson's Bay, and 
ends in the north of the continent at Boothia. The easterly 
line of no declination passing southward enters Europe in the 
north of Bussia, crosses the White Sea, the east of Bussia, of 
the Caspian Sea, of Persia, and the Arabian Sea. Then turns 
eastward, and cutting off the west of Australia, passes south- 
ward. The space included between those two lines, and which 
in the chart is left untinted, constitutes, so to speak, the hemi- 
sphere of westerly declination. It includes the east of the 
two Americas, the Atlantic Ocean, the whole of Europe and 
Africa, and the west of Asia and Australia. The rest of the 
earth, which in the chart is tinted, has an easterly declina- 
tion. There is an elliptic space in Eastern Asia which is left 
white, having a westerly variation, and forms an exceptional 
region in the eastern magnetic hemisphere. 

It will be seen that the lines converge in the north of 
North America, and in the south of Australia. So far as experi- 
ence goes, and so far as the most matter of fact theory (Gauss's) 
teaches, the convergence in both cases is to a point. The 
point in North America is the north magnetic pole, and 
that south of Australia is the south magnetic pole. At these 
points, then, all isogonic lines converge, and a compass needle 
lies indifferently in any position. 

According to the same theory, if the isogonic lines 
were traced on a globe, instead of, as here, on a map in 
Mercator's projection, they would form irregular circles 
on the northern and southern hemispheres. Each circle 
in the north would contain in its circumference the north 
mt^etic and geographical poles, the portion of the circle 
on the one side of the poles being in the hemisphere of 
westerly declination, and the other in the easterly. The sum 
of the angles marked on the two portions would amount to 180^, 
the larger segment having the smaller angle. The same confor- 
mation of circles would be visible at the south pole. Thftsft t^^ 
sets of circles proceeding from both, poles, TiQivil^ iikftfc^* ^^^ 
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other at the equatorial regions, and when they b^an to overlap^ 
would run into each other, forming irregular omres pasaiiig 
through the four poles. This conformation can be traced 
more particularly on the white part of the duat. In the 
North and South Atlantic, curves are seen approaching each 
other, and proceeding from the region of the north and Bonth 
poles. The last two circles that approach without touching 
are marked 20^. The circles marked 15^ would overlap ; Imfc 
instead of doing so, they run into each other, and loim two 
continuous curves, forming together somewhat like tlie out- 
line of a sand-glass. The same union, with a lesB oontractiaa 
in the middle, is seen in the lines marked 10° and 5*. 

The isogenic lines, as seen £rom the chart, fbnn a some- 
what complicated system. This arises £rom the feust^ that we 
refer the indications of the needle to the geographical pole% 
which are, so Deut as we know, arbitrary or extraneouB as 
regards terrestrial magnetism. Duperrey, by drawing what he 
calls Tnagnetic meridians amd paraUels, draws a system 6f lines 
which have much the same conformation with regard to the 
magnetic poles that the meridians and parallels of latitude 
have to the geographical poles. A magnetic meridian, accord- 
ing to Duperrey, is the line that would be described by a 
person setting out, say &om the south magnetic pole, and 
travelling always in the direction of the magnetic north till he 
reached the north magnetic pole. The magnetic parallels are 
lines drawn at right angles to the magnetic meridians. 

In fig. 25, the isoclinic lines, by the same author and foar 
the same epoch, are given. In the upper part of the charts 
which is left white, the north end of the needle dips ; and 
in the lower part, which is tinted, the south end of the 
needle dips. The amount of dip is marked on each line. 
Thus, the line passing through the centre of England is 
marked 70°. A dipping needle, at any place cut by the 
line, is inclined 70^ to the horizon. The line 75° passes 
to l^e north of the British Isles. In Ireland and Scotland, 
therefore, the dipping needle has an inclination greater 
than 70°, and less than 75°. The line marked 0° is the line 
of no dip ; at any station on it the dipping needle is hori- 
zontal This line is called the magnsbic equator. l\.^qdil b^ 
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seen that it is not coincident with the geographical equator ; 
it is not even a great circle of the earth, but is an iir^olar 
curve cutting the equator in two points, one near the west 
,coast of Africa, and the other in the middle of the Pacific 
Ocean. The points on the earth's surface where the dipping 
needle stands vertical, and where, in consequence, as before- 
mentioned, the compass needle lies in any direction, are called 
the magnetic poles. The north magnetic pole was found in 
Boothia Felix by Captain Ross at 70° 5' N. lat and 263* 14' 
E. long. According to Gkiuss's calculation, it should have 
been at the time (1831) some 3** north of this point From 
observations made at Hobart Town, the nearest, station to it, 
the south magnetic pole should lie 66° S. lat and 146° E. 
long. These points are not diametrically opposite each other 
as the geographical poles. If the lines of equal dip were 
drawn on a globe, they would form round the magnetic poles 
a system of irregular circles, somewhat resembling that of the 
parallels of latitude round the poles of the earth. 

We do not add an isodynamical chart as it would engross 
too much space. Colonel Sabine's Dynamical Chart, along with 
the isogonic and isoclinic charts, will be found fully engraved 
and explained in Johnston's Physical Atlas (new edition). 
From this chart we learn that the magnetic intensity is least 
in the vicinity of the magnetic equator, and increases as we 
approach the magnetic poles. The lines of equal intensity, 
though running much in the same direction as the lines of 
equal dip, are neither coincident nor parallel with them. 
The line of least intensity, itself not an isodynamic line, 
runs nearly parallel to the magnetic equator, but lies, except 
in the western half of the Pacific, a few degrees to the south 
of it. We thus learn that the changes in direction and 
intensity do not march together. We should fancy that at 
that point or points on the earth's surface where the dipping 
needle stood erect, we should be nearest to the centre of free 
magnetic energy, and that there the force would be greatest ; 
but this is not the case. The point in North America 
where the intensity is greatest, is situated to the west of 
Hudson's Bay, some 18° south of the north magnetic pole. 
JBa^ this IB not the only point of maximum. ioTc^ m \i3Scvfe Tyattli 
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magnetic hemisphere. There is another, which was found 
by Hansteen in 1828, in Northern Siberia, about the longitude 
120^ This tnaTimnTn point is weaker than the American, 
in the proportion of 100 to 107 (Sabine). According to 
€rau88, there can only be one maximum point in the 
southern hemisphere, which is stronger than either of the 
other two. It lies north-east of the south magnetic pole, 
and its intensity is 137 (Gauss) compared with 107, that 
of the principal northern centre. At none of those points 
does the dipping-needle stand erect. This want of coinci- 
dence of the points of vertical dip and of maximum 
intensity has led to some confusion in the use of the 
term magnetic pole ; some writers meaning by it a point 
of vertical dip, and others a point of maximum intensity. 
In adopting the former definition, we are only adhering 
to the popular meaning of the word, and to the opinion of 
Gauss, perhaps the greatest authority on the subject. Some 
of the best Knglish authorities, however, attach to it the 
latter meaning. 

Although the total intensity increases as we go north- 
ward or southward £rom the line of least intensity, the 
horizontal intensity diminishes. This arises from the fact 
that the horizontal intensity depends on the dip ; the 
greater the dip the less the horizontal intensity (17). Hence, 
the compass-needle, which is affected alone by the horizontal 
intensity, oscillates more sluggishly as we leave the line of 
least intensity. A dipping-needle, for instance, oscillates 
faster at London than at Calcutta, because the total intensity 
which affects it is greater at London than at Calcutta, but 
with a compass-needle it is the reverse, from the horizontal 
intensity being greater at the latter than at the former 
station. 

20. Variations of the Needle. — ^The magnetic elements do 
not remain constant in the same place, but are subject to 
continual though small variations. These are regular and 
irregular. Under regular variations are included secular^ 
anrmalf and diurnal variations. The secular variations 
take centuries for their completion. The iolio^^nx^^ ^^ 
of the dedination and dip at Loudon m doSst^it^ ^^i»s^ 
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TTill give an idea of the secular variatioiui for these 
elements : 



Tear. Declination. 

1676, . . ir 16' eaaterly. 
1667—1662, 0' 0', no decHnation. 

1760, . . 19» 80' westerly. 

1816, . 24* 27' 18" westerly. 

Maximum. 

1860, . . 22'' 29' 30" westerly. 

1865, Jan. 1, ) ^i o «/ 

atKew, J 21 6. 



Tear. InelinaUon. 

1720, . . 74*42'. 
1780, . 72* 8'. 

1800, . . 70*36'. 
1880, . 69* 38'. 

1860, . . 68*48'. 
1866, Jan. 1,) ^ 

atKew, J ^S 9'. 



Prom these observations it will be seen that in 1576, when 
the earliest reliable measurement of the declination was made^ 
it was 11* 15' easterly. This divergence from the true north 
diminished till 1657 — 1662, when it pointed to the true 
north. It then varied westward till 1815, when it stood 
furthest from the true north. Since then the needle has been 
veering eastward, and coming nearer to the north. At present^ 
the annual decrease of declination at Kew is 8'. At this 
rate it would take rather more than eighty-four years before 
the compass-needle shifts through a whole point. From the 
observations of the dip, we find that it has been gradually 
decreasing for the last one hundred and fifty years. The 
annual decrease of dip is at present about 2''6. From the time 
observations have been taken of the declination and dip until 
now, we are far from having completed a cycle of change in 
either, and it is as mere matter of speculation how long that 
may take. The magnetic history of London does not apply to 
other places ; each place, so far as has been ascertained, having 
a magnetic history of its own. Thus, in Paris, the time of 
no declination was 1669 ; and of maximum declination, 1814 ; 
the latter amounting to 22* 34' west. Every place, according 
to Barlow, appears to have its own magnetic pole and equator. 
Magnetic intensity has been observed for so short a time, 
that little as yet is known of its secular variation. The total 
magnetic iatensity at Kew, 1st January 1865, was 10*28 British 
magnetic units, or 4*65 metrical units. At present, the hori- 
zontal intensity is increasing in Europe, but that may arise 
partly from decrease of dip. 
The magnetic elements are also subject to chan^, which 
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hare ft yeatly and a dailj period. In deacribmg these ahortlf , 
we sliall limit onnelTes to the cbanges affecting declination, 
8fl these ate of most general interest The following are the 
chief parttculars of the annual variation of decliiiation. given 
hy Caudni : From April to July, or from the vernal equinox 
to the Bommer solstice, the ■western declination decreases. 
Prom the summer solstice to the vernal equinoT, that is, 
during the other nine months of the year, the declination 
increases, the needle turning to the west. Its position in May 
and in Octoher is nearly the same; so that in the wiuter 
months, 6om October to April, the westerly motion is slow. 
The range of the annnal variatioii at Kew is 58''6&. 

The mean diumal variation for Kew is shewn in fig. 2S 
[kindly fumiahed by Mr G. M. Whipple of the Observatory). 
This iir^inlat line indicates the comae of the north end of 
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the needle. A rim of this line indicates a change of the 
north end to the east,. a Ml a change to the west The 
interval between two horizontal lines corresponds t» a deflec- 
tion of the needle 1' to the east, and a fell 1' to the west. 
The line marked o is the magnetic meridian, or the mean 
daily position of the needle. The interval between two 
uplift lines corresponds to an hour. The course begins at 
twelve at nighty and ends at twelve the following ni^^t,. 
At twelve at nigh^ the magnet \& Vi veA oi "C&ei -ni.«B3i. 
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position, and continues nearly in the same position, with 
only a slight westerly deviation, till fifteen hours (three 
in the morning), when it veers eastward. At twenty hours 
(eight in the morning) it reaches its furthest east point. 
From eight in the morning till one in the afternoon, it makes 
a sweep of 10' towards the west, and then stands ahout & to the 
west of the mean. After one, it goes westward till midnight, 
when it again begins the same course. The needle stands in 
its mean position a little after ten in the morning, and a little 
before seven in the evening. The course here described is 
the course for the year. But the diurnal range is different 
in different months. In May, for instance, the average range 
between the extreme points is 12', which is the TnATiTnnni 
range for the year ; and in December, when it is a TniniTnnm^ 
it is only 5' 28". The diurnal changes here described for 
Kew are much the same all over the north magnetic hemi- 
sphere. The amount, however, is different. Near the mag- 
netic equator the diurnal variation is little or nothing, and 
it increases as we go northward. Captain Duperrey states 
that at or near the magnetic equator, the north point of the 
needle in the morning shifts slightly east or west of the 
mean, according as the sim passes south or north of the 
station. In the southern magnetic hemisphere the daily 
motions of the needle take place much in the same way as 
in the northern hemisphere, only the south pole takes the 
place of the north pole, and the direction of the deflections 
is reversed. The correspondence, and at the same time oppo- 
sition, of the southern hemisphere is also shewn from the time 
of maximum and minimum range. When the sun is in the 
northern signs of the zodiac, the range is a maximum in the 
northern, and a minimum in the southern hemisphere ; and 
when the sun is in the southern signs, the reverse takes 
place. The diurnal variation is so small, that the ordinary 
compass-needle is not delicate enough to shew it. 

The irregular variations are those which break in upon the 

regular march of the diurnal variation without in the main 

altering it. Instead, for instance, of the needle steadily 

going westward from 8 A.M. to 1 P.M., as shewn in fig. 26, 

jt makes, when affected by inegolax \8cn&\ioTL) dfiflectioni 
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eastward as well as westward, althougli it in the main 
moves westward. So that the line between these hours, 
instead of being comparatively straight, wonld be an irregular 
zigzag. These disturbances of the mean course are sometimes 
considerable, amounting even to one or two degrees in extreme 
cases. On some days the mean diurnal course is much dis- 
turbed, on others very little ; but it is never quite free from 
them. It has been found that places of the same longitude 
have similar disturbances at the same time ; that those on 
opposite sides of the globe, or differing by ISC'* of longitude, 
have disturbances equal in amount but opposite in direction ; 
and that those situated 90' west or east of the disturbed 
regions have little or no disturbance. The appearance of 
auroras is invariably accompanied by magnetic irregulari- 
ties, and their effect extends far beyond the regions where 
they are visible. Earthquakes and volcanic eruptions have 
also a marked effect in this way. Humboldt gave the 
name of Magnetic Storms to these irregular disturbances. 
Sabine has found that the frequency of magnetic storms is 
greatest every ten years at the same time that the spots on 
the sun are most numerous. 

21. Theories of Terrestrial Magnetism. — ^The earliest theory 
was that suggested by Gilbert, in which it is supposed 
that a magnet in the middle of the earth extended from one 
magnetic pole to the other. On this supposition, the general 
phenomena of terrestrial magnetism may be accounted for— a 
needle, both by declination and dip, must point to the poles. 
This must always remain, from its simplicity, the popular 
theory on the subject. In consistency with his theory, 
Gilbert considered the north pole of the magnet to be 
a south pole, as he took the north pole of the earth for 
his standard north pole. If this theory were correct, the 
magnetic equator would be a great circle of the earth, 
and the magnetic poles would be 90° from it, which is far 
from the case. It is only a rough approximation to a just 
theory. 

Halley endeavoured to supplement Gilbert's theory, by 
supposing two magnets of unequal 6treiig^\i c,TQ^\xi% ^"^i^ 
other at the earth's centre to be \h& cav\&6 oi \j&t£^^\x^ 
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magnetism. The theory of the two magnets or four poles was 
Ably defended by Hansteen. 

Barlow considered that the earth acted on the needle as if 
currents of electricity traversed it from east to west He imi- 
tated its action by wrapping a wire in parallel coils round a 
wooden globe, and causing a galvanic current to pass through 
it. Each turn of the wire represented a magnetic parallel, 
and the two ends of the coil the magnetic poles ; and to com- 
plete the analogy, the globe was movable on an axis, which 
stood in the same relation to the ends of the coil as the astron- 
omical to the magnetic poles of the earth. When a small 
needle was placed on the globe, its declination and dip bore a 
striking resemblance to those of a needle similarly situated 
on the earth's surface. The objection to this theory is the 
difficulty of accounting for the origin of such currents in the 
earth. To meet this, some suppose the earth to be a huge 
thermo-electric pile ; as the heat of the sun falls on one side 
of it, currents are there generated which travel round the 
globe. But how, again, it may be asked, are the conditions 
of thermo-electricity implemented by the materials of the 
earth ? This question stUl remains to be answered. The close 
connection between temperature and magnetism is shewn by 
the diurnal variation of declination, the epochs of which 
closely correspond with those of the daily temperature, and 
by the fact that the isodynamic and isothermal lines manifest 
a marked correspondence. Sir David Brewster has also shewn 
that there are two centres of maximum cold in the northern 
hemisphere, which are situated near to the two intensity 
poles. 

Gauss did not start from any simple supposition of one 
or two magnets giving rise to the magnetism of the earth, 
nor did he assert or deny its electro origin. Considering the 
whole earth as magnetic, he aimed at determining how it must 
act as a whole at the different points on its surface. In order 
to make the equations he obtained theoretically in this 
attempt express the distribution on the earth, the magnetic 
elements of eight stations at a sufficient distance from each 
other on the earth's surface had to be ascertained and sub- 
stituted in. these equations. This done, iiom \\ife \oi\!giJcQAfe 
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and latitude of any station he considered himself prepared to 
deduce its magnetic elements. The magnetic charts which he 
sketched, though founded on the imperfect observations to 
which he had access, are singularly in keeping with fact, and 
go far to establish the correctness of his reasonings. 

The secular variations are as yet wholly imaccoimted for. 
The cause of the diurnal variation is imiversally attributed 
to the sun. Secchi, who carefully studied the diurnal varia- 
tion of the needle, considers that the sun, so far as they are 
concerned, acts upon the earth as a powerful magnet at a 
distance. 



Diamagnetism. 

22, Dr Faraday was the first (1845) to shew that all bodies 
are more or less affected by magnetic influence, and his beau- 
tiful researches on the subject have opened up a new field in 
the domain of science. He found that the magnetism of 
bodies was manifested in two ways — either in being attracted 
by the magnet, as iron ; or in being repelled, like bismuth. 
When a needle or slender rod of iron is suspended between 
the poles of a magnet, as in fig. 27, being attracted by them, it 
takes up a position of rest 
on the line a5, joining the 
two poles. When a sub- 
stance behaves itself in this 
manner, it is said by ^^^^^^ ^ 
Faraday to be paramagnetic, 
and to place itself aayiaHy, 
ah being the axis. A rod of 
bismuth, on the other hand, 
being repelled by the poles of the magnet, comes to rest in the 
line cdy at right angles to db. Bismuth, and the like sub- 
stances, he calls diamagrietic, and they are said to place them- 
selves equatoriaUyy cd being the equator. These terms, being 
both definite and graphic, have been universally adopted. 
Magnetic is the term used by Faraday to YCki^k»Xj^ Ti^s^^^iSosssa^ 
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of either «ort, althoTigH in general Ungaage it ii 
to refer to paiainagnetic bodies, sacb as iron, &c. Fara- 
maguetic bodies, tlien, are tliose wMch manifest tlie eajoe 
properljeg with regard to the magnet that iron does ; and 
diamagaetic bodies are those which, like bismnth, shew oppo- 
site but corresponding properties ; so that in citctunstancea 
where paramagnetic bodies place themselves aiially, diamag- 
uetic bodies plac« themselTea equatortallj ; and where the 
former are attracted, the latter are repelled, and vice vend. 
A paramagnetic, therefore, not in the elongated form, bat in 
a compact shape, such as a ball ot cube, is attracted by either 
pole of the magnet, when suspended neax it ; a ball or cube 
of a diamagnetic, on the other hatul, experiences, when bo 
placed, repulsion. 

The paramagnetism of iron, nickel, and cobalt becomes 
manifest in the presence of magnets of ordinary power ; 
bat the magnetism of most other substances is so feeble 
as 'to be developed onlj iindei the influence of the 
strongest magnets. Elec- 
tro-magnets are selected 
•, for investigationB on the 

i magnetism of bodies, as 

they can be made of a 
strength far outrivalling 
that of permanent nu^. 
nets. Fig. 28 tepresents 
an electro-ma^et which 
maj be employed for this 
purpose. The soft iron 
horseshoe PPP, enveloped 
towards its extremities in 
the coils of insulated 
copper- wire ce, which 
jj, ,g^ " "■ communicate with a gal- 
ranic battery by the 
wires u>, is fixed in an upiight wooden frame. The ends or 
poles of the magnet rise slightly above the table or board 
which forma the upper part of the frame. In order oon- 
vementlj to easpend SHbatancea between tbe ■po\es, and to 
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protect them while under observation from currents of air, 

a glass frame of simple construction, fig. 29, is made to fit 

the table. The upper plate of the frame admits a wooden 

ling, into which an upright glass tube is fitted. The thread 

by which the needle is suspended is wound round a slender 

movable bobbin at the top, so that 

it can be elevated or lowered to 

the proper position. To modify 

and direct the action of the magnet, 

two pieces of soft iron (fig. 27) are 

made to rest on the end faces ; these 

are pointed at one extremity, and 

fiat at the other, so that the force 

of the magnet may be concentrated 

in the points, when they are turned 

towards each other ; or diflfused over 

the opposite flat surface, when their 

position is reversed. 

To observe the effect of the 
magnet on liquids, Faraday placed them in long tubes of 
very thin glass, and suspended them as in the case of solid 
needles. It was found that some arranged themselves axially, 
and others equatorially. The attraction and repulsion that 
liquids experience in the presence of the magnet has been 
prettily shewn by Plucker. A large drop of liquid is placed 
in a watch-glass (figs. 30, 31), and laid upon two poles of the 




Fig. 29. 





Fi;. 30. 



Fig. 31. 



shape shewn in the figures. If the liquid be paramagnetic, 
the surface becomes depressed at the interval between the 
poles, and heaped up over the extreme edges of them (fig. 30). 
A diamagnetic liquid, on the other hand, shews a depression 
at each edge of the poles, and a heaping up at tbft c^t^^x^ (^^^^ 
31). 
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The magnetic nature of flames and gases has been also 
etadied. When the flame of a candle is brought between the 
poles of a magnet, it is repelled by them, and thrown out 
horizontally into an equatorial position. To ascertain the 
magnetism of gases, Faraday inflated soap-bubbles with them, 
and their para- or dia- magnetism was exhibited by their being 
attracted or repelled by the poles. He ascertained the same 
by causing the gases to flow out from glass tubes in the 
presence of the poles, when the peculiar magnetism of the gas 
was shewn by its choosing an axial or equatorial means of 
egress. 

The following list gives the kind of magnetism displayed 
by the more common substances in the order of their powers : 

Parcvmagnetic. — Iron, nickel, cobalt, manganese, chromium, 
titanium, palladium, paper, sealing-wax, peroxide of lead, 
plumbago, red-lead, sulphate of zinc, sheU-lac, vermilion, 
charcoal, proto and per salts of iron, salts of manganese, 
oxygen, air. 

Diamagnetic, — ^Bismuth, antimony, zinc, tin, cadmium, 
sodium, mercury, lead, silver, copper, gold, arsenic, uranium, 
tungsten, rock-crystal, mineral acids, alum, glass, litharge, 
nitre, phosphorus, sulphur, resin, water, alcohol, ether, sugar, 
starch, wood, bread, leather, caoutchouc, hydrogen, carbonic 
acid, coal-gas, nitrogen. 

The nature of the medium in which the body under exam- 
ination moves, exerts a powerful influence on the nature and 
amoimt of the magnetism it exhibits ; thus, if a glass tube be 
filled with a solution of the proto-sulphate of iron, and sus- 
pended between the poles, it will place itself axially. It will 
do the same if made to move in water, or a solution more 
dilute of the proto-sulphate of iron. It will be indifferent in 
a solution of the same strength, but it wiU. place itself equa- 
torially in a stronger solution. Thus, the same substance may 
appear paramagnetic, indifferent, or diamagnetic, according to 
the nature of the medium in which it moves. As a general 
rule, a body shews itself paramagnetic towards one less para- 
magnetic than itself indifferent towards one equally magnetic, 
and diamagnetic towards one more paramagnetic than itsel£ 
Tlie same takes place, mtUatU mutandis, ^itb. diasnajgiietic 
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substances. This has given rise to the theory, that there is no 
such thing as diamagnetism per se, and that bodies are dia- 
magnetic only in media of greater paramagnetic power than 
their own. This view of the case is, however, rendered highly 
improbable £rom the fact, that diamagnetism is exhibited as 
decidedly in a vacuum as in any medium, and a vacuum 
cannot be supposed to possess magnetic properties of either 
kiad. 



Chronology of Magnetism. 

23. The property of the loadstone to attract iron appears 
to have been the only fact in the science of magnetina 
known to tke ancients. The compass is a comparatively 
modem discovery ; it was certainly known in Europe 
in the 12th century, the first reference to it being made 
in a manuscript poem by Guyot de Provins, now in the 
national library of France. The Chinese, according to 
some, were acquainted with it as early as the 4th century. 
The discovery of the change in declination at different 
places is generally attributed to Columbus, and was one of the 
many important observations of his memorable voyage across 
the Atlantic Bobert Norman, an instrument-maker in 
London, first discovered the dip of the needle in 1576. He 
was led to it by finding that needles nicely balanced 
before magnetisation had to be slightly loaded on the south 
end, to keep them horizontal after being magnetised. The 
first really important contribution to magnetism as a science, 
was the Tractatus de Magnete by Dr Gilbert of Colchester, 
physician to Queen Elizabeth. It was published in 1600. 
He first used the word poles with reference to magnets, and 
gave the first theory of terrestrial magnetism, viz., that of the 
single magnet. Halley, the astronomer-royal, published his 
theory of the four poles in 1683. In 1688 and 1689, at the 
expense of government, he made two magnetic voyages, the 
results of which he embodied in his charts of the lines of 
equal dedinafcion, published in 1701, w^iicti -^et^ ^^ %s& 



44 ELECTRICITT. 

magnetic charts ever published. In 1722 the diurnal varia- 
tion was discovered by Graham, the celebrated instrument- 
maker of London. About the middle of the 18th century, 
armatures began to be used, and various new processes of 
magnetisation were found out. Knight invented divided 
touch, which was afterwards improved by Duhamel (9) ; 
and Mitchell double touch, afterwards improved by 
Epinus (9). Brugman, in 1778, discovered that cobalt was 
attracted and that bismuth was repelled by the magnet 
Coulomb (1789) discovered the law of the distribution of 
magnetism on a magnetic bar, and the law of magnetic 
attractions and repulsions. The first inclination chart was 
published by Wilke, at Stockholm, 1768. Humboldt 
inaugurated the present system of careful observations of 
terrestrial magnetism by taking comparative measurements 
of the magnetic elements at Peru and Paris (1799 — 1803). 
Hansteen*8 work on the Magnetism of the Earth (21) was pub- 
lished at Christiania, 1817 ; in 1826 he published the first iso- 
dynamic charts. Barlow, 1831, suggested the electric origin 
of terrestrial magnetism (21) ; and 1833, introduced correcting 
plates of soft iron for ships. In 1831, Captain Boss came upon 
the north magnetic pole. In 1835, stations were established 
throughout Europe, and the observations were published by 
Gauss and Weber, 1836. Gauss (1833—1840) perfected his 
theory. In 1837, Colonel Sabine published an isodynamical 
chart of the whole globe. Diamagnetism was discovered by 
Faraday, 1845. Observations were made (1840 — 1854) at 
stations throughout the British Empire by British officers, 
under the direction of Colonel Sabine. In 1855, Tyndall 
shewed that a diamagnetic body assumed the opposite polarity 
to a magnetic body when imder the action of magnetic force. 



TBICTIONAL OB STATICAL 
ELECTRICITY. 



First Principles. 

24. Electricity of two kinds, Positive and Negative.— The 
first principles of electricity are illustrated by the electric 
pendulum (fig. 32). A glass tube bent at right angles, so as to 
project horizontally, is placed on a convenient stand. On the 
hook in which its upper end ter- 
minates, a cocoon thread is hung, 
to the end of which a pith-ball is 
attached. Glass and silk, as will 
be afterwards mentioned, do not 
conduct electricity, so that what- 
ever electricity is communicated to 





Fig. 32. 



. Jthe ball remains in it. If a tube 

iJjftOt glas^e rubbed by a dry silk 
handkerchief, and brought near 
the ball, the ball is at first briskly 
attracted, and then as briskly 
repelled ; and if the tube be then 
moved towards it, it moves off, 
keeping at the same distance from it. The ball being so 
affected, or charged, as it is called, a rod of shell-lac or of 
sealing-wax, after being rubbed with flannel, attracts it, if 
possible, moro briskly than before, and again sends it off 
exactly as the glass had done. If the glass tube be now again 
taken up and rubbed a second time, if necessary, the ball will 
act towards it as it did towards the sealing-wax. The same 
series of attractions and repulsions would have taken place if 
we had begun with the sealing-wax instead of the glass tube. 
We interpret this experiment in the following way. When 
glass is rubbed with silk, it becomes invested with a peculiar 
property, which gives evidence of ita ei^\KSi<^ V] ^N:»fi)ciSNs^ 
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a pith-ball or any other light substance ; and after contact has 
conunnnicated this property to the ball or other matter, 
repulsion takes place between them. In consequence of the 
ball being suspended by an insulating thread, it retains the 
property of rubbed glass thus given it ; and although then 
repelled by a body having the same property, it is powerftdly 
attracted by rubbed sealing-wax. After contact again takes 
place, and the property of rubbed sealing-wax has replaced 
that of rubbed glass in the ball, the two similarly affected 
bodies again repel, and the same series of attractions and 
repulsions will continue if we present the glass and the wax 
alternately to the balL These properties or affections, developed 
by Motion, are the manifestations of a force called electricity ; 
the electricity of the glass being called vitreous, and that of the 
seaHng-wax redncms, glass and resin being the tjrpe substances 
on which they are produced. For vitreous, positive, and for 
resinous, negative, are now almost tmiversally substituted; 
and although these terms are meaningless as applied to two 
similar affections of matter, they have the advantage of being 
definite, and of having no reference to the source whence the 
electricity originates. They admit, moreover, of a very con- 
venient contraction, viz., the algebraic -f for positive, and — 
for negative) and when written in this way, their relative 
opposition, so to speak, is graphically shewn. Throughout 
this work, we shall use the contraction -f E for positive 
electricity, and — E for negative electricity. We are taught 
by the above experiment, that bodies electrified either positively 
or negatively, attract neutral bodies and bodies affected with 
electricity of an opposite name to their ovm, but repel those 
affected with electricity of the same name; and that electricity 
can be communicated from one body to another by contact Con- 
tact is not the only way in which one body communicates the 
like electricity to another. We find, when we deal with larger 
bodies than the pith-ball of the experiment, and sometimes 
even with it, that the passage of a spark between two bodies 
without contact communicates the electricity of the one to the 
other. 

25. Both El^ridties produced together,— Hh^ part played by 
^bexuhherahxTlfke above experiment must not be overlooked. 
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The silk handkerchief employed to rub the glass assumes the 
lesinotis or — electric state, and the flannel rubber of the 
sealing-wax the vitreous or +. This cannot^ however, be 
clearly shewn, as the experiment is performed, for the rubbers 
are in each case tightly embraced by the hand, which carries 
off their peculiar electricity, so that they give feeble, if any, 
evidence of electrical excitement. As the rods are held only 
by their extremities, the electricities of the untouched portions 
suffer almost no diminution. If vulcanised indiarrubber cloth, 
however, be used instead of the silk handkerchief, the rubbing 
side of the cloth shews — E. The different electricities of 
the rubbing surfaces are best shewn when the rubbers as well 
as the rubbed surfjEU^es are insulated. When two similar discs 
—one of glass, the other brass covered with silk — ^held by 
insnlating handles, are rubbed together : so long as they are 
kept touching, no electricity is shewn, for the opposite elec- 
tricities neutralise each other ; but when they are separated, 
the former shews +, the latter — E. The negative and posi- 
tive conductors of tlie electric machine illustrate the same 
principle. From the most careful observations attending the 
production of electricity, we are led to conclude that when 
OTie electricity is producedf cls much of the opposite electricity is 
produced. 

The relative nature of the rubbing and rubbed surfaces 
determines the kind of electricity which each assumes. Thus, 
if glass be rubbed by a caf s fur instead of silk, its electricity 
is — instead of -f . In the following list, each body, when 
rubbed by any one preceding it, is negatively electrified ; by 
any one succeeding it, positively : cats' fur, smooth glass, 
linen, feathers, wood, paper, silk, shell-lac, ground glass. 
When two pieces of the same material are rubbed together, 
the colder or smoother becomes positively excited. Metal 
filings rubbing against a plate of the same metal determine 
— E in themselves, and -f E in the plate. When a white 
sOk ribbon is rubbed by a black one of the same texture, the 
white one becomes -f . A plate of glass becomes -f- when a 
stream of air is directed against it from a pair of bellows. The 
friction caused by steam of high tension issuing from a narrow 
pipe develops electricities in the steam and T^i^ "^ViLOdl 
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depend on the material of the latter. This fact has been 
turned to advantage by Armstrong in the construction of a 
boiler electric-machine of immense power. 

26. Sources of Electricity, — ^There are other means of develop- 
ing electricity of the same nature as that obtained by friction, 
besides friction itsell In general, everything that tends to 
disturb the molecular condition of bodies tends to produce 
electricity. Cleavage, pressure, and change of tempercUure, 
more especially in crystalline minerals, are frequently attended 
with the development of electricity. — The electricity of cleav- 
age is shewn by rapidly cleaving a plate of mica, when one of 
the divided faces shews -f E, the other - E. A feeble phos- 
phorescence also marks the separation when made in the dark. 
Several other minerals possess the same property. The light 
that accompanies the breaking of loaf-sugar and sugar- 
candy in the dark is generally attributed to the electricity 
of cleavage. — ^Haiiy foimd that when a piece of calc spar 
is pressed between the fingers, it becomes positively elec- 
trified, and remains so for days together. Fluor spar, 
topaz, mica, arragonite, quartz, and other minerals, assume 
one or other electricity when pressed. When two discs, 
one of cork, the other of caoutchouc, are pressed together 
hy insulating handles, on separation the former is found 
to be -f, the latter — . A slice of cork and a slice of 
orange observe the same relation in similar circumstances. 
When in the latter case the separation is suddenly made, we 
obtain a greater effect than when it is made slowly, from 
which we learn that conducting surfaces when pressed together 
shew no excitement, probably from the recombination of both 
electricities at the instant of their production. — Tourmaline 
offers the most remarkable illustration of the electricity got 
by change of temperature. When a crystal of this mineral is 
heated, it shews at each end of its principal axis a different 
electricity. If it be divided when thus excited^ each of the 
halves has an electricity at each end like the whole. It thus 
manifests an electric polarity, like the magnetic polarity of 
the magnet. When the heating ceases, for an instant it loses 
polarity, and then as it cools it assumes the opposite polar- 
Jtjr to that it had before. Below 50** E., and ab9ve 302* F., 
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tourmaline seldom shews electric properties. Topaz, boracite, 
and several other minerals, resemble tounnaline in their action 
under heat. The electricity thus developed by heat is some- 
times called pyro^lectricity. — ^There are other sources of 
electricity, of which we shall afterwards treat, such as chemical 
action, motion of magnets, heating Df different metals at their 
junction, &c. ; but these give current electricity, while friction, 
cleavage, &&, give statical electricity whose properties are 
best studied when insulated or at rest 

27. Conductors ai\d Non-conductors (Ger. Uiter, nicht-leiter). 
—If a rod of metal be made to touch the prime conductor of 
an electrical machine immediately after the plate has ceased 
to rotate, eveiy trace of electricity instantly disappears. But 
if the same were done with a rod of shell-lac, little or no 
diminution would be perceptible in the electrical excitement 
of the conductor. The metal in this case leads away the 
electricity into the body of the experimenter, and thence into 
the ground, where it becomes lost, and it receives in conse- 
quence the name of a conductor. The shell-lac, for the 
opposite reason, is called a non-conductor. Different sub- 
stances are found to possess the power of conducting electricity 
in very different degrees. The following series classifies the 
more common substances according to their conducting powers, 
beginning with the best, and ending with the worst conduc- 
tors. Conductors — The metals, graphite, sea-water, spring- 
water, rain-water. Semi-conductors — ^Alcohol and ether, dry 
wood, marble, paper, straw, ice at 32"* F. Non-conductors — 
Dry metallic oxides, fatty oils, ice at — IS** F., phosphorus, 
lime, chalk, camphor, porcelain, leather, dry paper, feathers, 
hair, wool, silk, gems, glass, agate, wax, sulphur, resin, 
amber, gutta-percha, caoutchouc, shell-lac, ebonite, water- 
vapour as a dry gas, dry gases. 

The arrangement into conductors^ semi-conductors, and 
non-conductors is made with reference to frictional electricity, 
or electricity of a high tension. The substances which are 
semi-conductors for frictional electricity are found to be 
almost, if not altogether, non-conducting for the electricity of 
the galvanic battery, which is too feeble to force a passage 
through them. The metals, which ap]^ea£ to \^ ^ ^<^»s\:^ 

D 
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alike conducting for frictional electricity, offer widely differing 
resistances to the transmission of tlie galvanic cnrrent Their 
lelatiye conducting powers are afterwards giyen under Gal- 
vanism. An increase of temperature has in the metals the 
effect of lessening the conducting power, whilst in almost all 
other substances it has an opposite effect Glass becomes 
conducting at a red heat, and so do wax, sulphur, amber^ 
and shell-lac, when fused. 

Insulation. — ^When a conductor is placed on non-conducting 
supports, so as to prevent the electricity communicated to it 
froTpa^ing into L gromid. it is said to be imuMed. The 
usual insulating material employed in the construction of 
electrical apparatus is glass, which is hard, durable, and easily 
worked ; and could its surfece be kept dry, it would be one 
of the best non-conductors. In frosty and very dry weather, 
glass insulates well ; but at all other times it becomes coated 
with a thin, scarcely visible, layer of moisture, which very 
considerably impairs its insulating power. In order to 
insure dryness, it is necessary to heat electric apparatus 
before use. Water-vapour, in the form of an elastic gas, 
is non-conducting, and when it can be kept from condensing 
on the glass, it does not in that state affect the insulating 
power of the air. The deposition of moisture is much lessened 
by coating the glass with shell-lac, which is done by painting 
the glass when hot with shell-lac varnish. Green glass, which 
contains no lead, is better adapted for the construction of 
electric apparatus than flint glass, and does not attract 
moisture to the same extent. Ebonite, a rigid preparation 
of vulcanised india-rubber, which has come much into use 
of late, is much superior to glass as an insulator. It is of 
this substance that india-rubber combs are made, which in 
dry and frosty weather make the hair crackle with electricity. 
With the best insulators, and with dry air, it is not possible 
to maintain undiminished the charge which a body receives. 
There is invariably a loss, arising chiefly from the particles 
of air or dust becoming charged, and carrying off the 
charge, and partly, perhaps, from the insulators, even the 
best of them, being imperfect non-conductors. In all exact 
ezpenmenta it ia necessajy to ascertain, the rate «1 "which the 
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charge diminisheSy and to take it into account in estimating 
xesoLts. 

Electrics and Non^lectrics (Ft, idio^lectriques, anilectHgues), 
"—The teim electrics is applied to those substances -which, 
-when held in the hands and rubbed, become electric ; and. 
non-electries, to those which do not. The distinction is almost 
an unnecessary one, for almost all bodies when rubbed become 
electric. In tiie case of conductors, the electricity is no sooner 
excited than it is conveyed by the body to the ground ; while 
in the case of non-conductors, from want of conduction, it 
xemains on their surface. When a metal rod is rubbed with 
a silk handkerchief, no electricity is shewn by it if it is held 
in the hand ; but if it be held by a handle of glass, it becomes 
electric The hand conveys the electricity of the rod to the 
ground in the first case, but the glass, insulating the rod in 
the second, prevents this discharge. The rod is truly an 
electric in both cases ; non-electric is a term which, strictly 
speaking, is applicable to very few, if any, substances. 



Statical Induction. 

28. Induction (Fr. influence, Ger. ver^^t/wnflr).— -Electri- 
city has the power of inducing the bodies in its neighbour- 
hood to assume a peculiar electrical condition; this is 
exhibited in the following simple 

way : A brass cylinder, rounded at J^ -=^ +^ 

both ends (fig. 33), is insulated on a 
glass pillar. Two pith-balls, hung by 
cotton threads, are attached at either 
extremity. When an insulated ball 
charged with -h E is placed within a 
few inches of the end of the cylinder, 
the balls at each end diverge, shew- Fig. as. 

ing that each pair is charged with 
the same electricity. When the charged ball is withdrawn, 
the balls hang down as before, so that the electrical excite- 
ment of the cyliader is merely tempoiaiy, osA ^"^^Q^ssfi^ 
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on the pToximit^ of the charged balL I^ while the balls are 
apart, a 'proof plane (Fr. plan d^epreuve; Ger. probescheibchen) 
consisting of a small disc of gilt paper, insulated 
at the end of a glass rod (fig. 34), be made to touch 
the end next the charged ball, and then transferred 
to an electrometer, the electricity is found to be — ; 
if the same be done at the other end, it is +. The 
nearer end of the cylinder is thus induced by 
the 4- E of the charged ball to assume the negative 
electric state ; and as no — E can be excited with- 
out as much 4- E, we find the other end positively 
electrified to the same extent. That the induced 
electricities are equal in amount, is proved by the 

Xfact that they neutralise each other when the ball 
is withdrawn. If the cylinder were made up of two 
parts, each supported by a glass leg, the two electri- 
Fig. 34. ^^^^^ might be insulated on withdrawing the parts 
from each other in the presence of the charged body, 
the one being +> and the other —. The neutral line between 
the two electricities is found to be nearer to the end next the 
ball, and to shift nearer to that end as the ball approaches. The 
action of the electricity of the charged ball inducing in the 
cylinder this peculiar electrical condition is called induction, 
and the cylinder in this state is said to be polarised; that is, 
to have its poles or ends like a magnet, each having its 
similar but relatively opposite force. 
The + E of the further half of the cylinder (fig. 33) is as 




Fig 35. 



free and insulated as if no — E existed on the other hall 
jHbig ia shewn by placing a cylinder neac the first, forming a 
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continnation of it, as it were, without toncliing, when the 
second cylinder, under the induction of the 4- E of the first, 
is thrown into the same state as the first. This second can 
induce the same state in a third (fig. 35), and so on. As the 
charged ball is withdrawn, the whole series return to their 
natural condition without being in any way permanently 
affected. The moment, however, it is again brought near, 
each cylinder becomes agam polarised, and there is manifested 
at the farther termination of the last a + E, which exerts the 
same influence on the ball connected with the ground as if a 
portion of the electricity of the ball had been actually 
commimicated or transferred to it 

From the position of both electricities in induction, it is 
manifest that they observe the same attractions and repulsions 
as the bodies affected by them. Induction throws light on 
electric attraction. The pith-ball of the electric pendulum 
(fig. 32) is in the neighbourhood of the excited glass in the 
same polarised con4ition as the cylinder (fig. 33). The side of 
it next the glass is — by induction, and it is not, as at first 
supposed, the 4- glass attracting the neutral baU, but the + 
glass attracting the side of the ball in an opposite electric 
state to itself. Owing to the greater distance of the + side 
of the ball, the repulsion of the like electricities is less 
than the attraction of the unlike electricities. Attraction 
thus always occurs between bodies affected by opposite 
electricities. 

The amount of the electricity induMd by an electrified body 
on surrounding conductors is equal and opposite to thcU of (he 
inducing body, Faraday proved this by the following beauti- 
ful experiment. He insulated an ice pail, A (fig. 36), ten and a 
half inches high and seven inches in diameter, and placed the 
outside of it in conducting connection with the knob of a gold 
leaf electroscope, K A round brass ball, 0, suspended by a 
long dry thread of white silk, was charged ivith 4- E, and intro- 
duced within the paiL The pail was thus subjected to polar- 
isation, the induced - E being on the inner, and the 4- E on 
the outer surface. The divergence of the leaves caused by 
the induced 4- E increased as the ball was lowered, until it 
sunk three inches below the opening, vfbeii \k«^ isa^sso^!^ 
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Fig. 36. 




steadily at the same point. The ball was lowered till it 
touched the bottom, and communicated its charge to the pail, 
when the leaves remained in the same state as before. The 

ball when lifted out was found to be 
fully discharged, shewing that the 
+ E developed by induction on the 
outer surface was exactly the same 
in amount as that of the ball itself. 
The — E of the inside of the pail 
being equal to the 4- E on the out- 
side was therefore equal to the + E 
of the ball, but opposite in kind. 
He altered the experiment so as to 
have four insulated pails inside each 
other, and the effect on the outmost 
pail was in no way altered. No force 
was lost in the transmission from one 
>E pail to the other. We may conclude 
from this experiment that on the 
walls of a room, or other conductors 
surrounding the charged body, the 
total amount of opposite electricity induced is equal in 
amount to that of the body itselL 

29. Communication of Electricity hy Induction. — If the hand 
touch the cylinder (fig. 33) when under induction, the pith- 
balls next the charged ball diverge further than Wore, and 
the other two cease to be affected. In this case, electrically 
speaking, the cylinder is a portion of the ground, for the hand 
and body are conductors ; its dimensions therefore being 
increased, more — E is developed than before, and the -f E is 
thrown back into the ground, and is lost ; or it may be more 
correct to say that the + E now spread over the earth as well 
as the cylinder, an infinitely large surface, is infinitely weak or 
nothing at any point. The — E is kept fixed in the part of 
the cylinder opposite the tube by the + E of the latter ; and 
when the hand ia first removed, and then the tube, it causes 
the balls at both ends to diverge permanently. Thus, when 
an insulated body is cha/rged by being uninsulated for an instant 
tn ^presence of an excited body, or c^arge(2, as it is termed^ 
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induc^ioeliyy iU cha/rge u of the opposite kind to (hat of the 
inducing body, 

30. Indvction Universal in its Action. — ^It would seem, 
moieover, by a careful study of the action of induction, that 
when a body is charged by contact or spark, its charge is no 
less due to it. Let us consider the case of chaiging the cylin- 
der (fig. 33} by the positively electrified balL When the ball 
is brought near to the cylinder, the latter becomes polarised, 
and the — E is turned towards the balL When the ball is 
near enough, by spark or contact, the cylinder is permanently 
chaiged with + E. Now this must occur in one of two ways : 
Either the — E of the cylinder at spark or contact partially 
neutralises the + E of the . ball, and a balance of + E flows 
over to the cylinder to increase the + charge inductively 
already there, or an equal amount of both electricities becomes 
neutralised at contact, and the + E of the cylinder already 
there is left alone without its negative twin. The latter 
alternative seems the more likely on many grounds. It seems 
reasonable to expect that induction, which at the beginning 
of its action can partially charge the cylinder, can, when 
complete at contact, fully charge it; and it seems unlikely 
that the efflux of — E, and the extending of the + E, to which 
the action at the beginning tends, as is shewn by the shifting of 
the neutral line towards the point of contact, should be imme- 
diately succeeded by an influx of + E, as if the charging of 
the cylinder had to be done partially by one operation, and 
folly by an opposite one. Faraday's experiment (fig. 36} 
shews that no such counterflow takes place. As soon as the 
ball is low enough in the pail to expend all its inducing force 
on it, the + E induced on the outside is complete, for the 
leaves of the electrometer on the baU being lowered further, 
remain at the same point. The + charge which the pail keeps 
after contact is not greater than it was before it, for on contact 
the leaves are not affected. All manifestly that contact 
effects is a junction or neutralisation of the + E of the ball 
and the — E induced on the inner surface of the pail, leaving 
the induced + E of the outside as it was before contact 
Similarly, in the case of the cylinder, the charge which it 
ultiinately receives is fully developed in it at coviW^ % ^^"s^&s^i^ 
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merely neutralising the — E, and leaving the induced + E in 
undisturbed possession of it The inside of the pail, as shewn 
by the ball when taken out, is perfectly neutral. The + E 
which charges the cylinder is equal to the + E of the ball, 
which is neutralised at contact, for the — E which neutralises 
the -f E of the ball is the twin electricity of the + E of the 
cylinder. The result of contact is as if a portion of + B 
had actually been transferred to the cylinder, the loss of the 
ball being equal to the gain of the cylinder. Induction 
manifestly has as much to do with charging by contact, or 
eonductively as it is teimed, as it has with charging by 
momentary contact with the ground in presence of an excited 
body, or inductively^ only the electricities commimicated are of 
opposite names. 

But induction leads to discharge as well as charge. Let us 
discharge the cylinder already charged by contact On the 
hand approaching to discharge it, the + E of the cylinder in 
its turn polarises the hand, causing — E to appear on it, and 
sending the twin + E into the ground. At contact the -f E 
of the cylinder and the — E of the hand or ground neutralise. 
It was formerly charged poritively by - E leaving it ; it is 
now rendered neutral by an equal amount of + E leaving it 

Lastly, let us consider the condition of the cylinders 
(fig. 35), if the positively charged ball were discharged through 
them into the ball connected with the ground. The polarity 
of the cylinders would be the same as that shewn in the 
figure. As the inductive action increases, the opposite elec- 
tricities become more developed at each end. We must place 
the cylinders at some distance from each other, and from the 
ball at the other extremity, so as to prevent them touching 
and acting as one cylinder in connection with the ground. 
Suppose them so placed that when a spark passes from the 
ball to the first cylinder, sparks also pass at the other 
interruptions. When these sparks occur, the ball and the 
cylinders are finally discharged. Making use of the same 
reasoning here as we have done above, we cannot conceive of 
this discharge taking place in any other way than that at each 
interruption two equal and opposite electricities neutralise 
each other. The chaiged ball becomes dischaxged by the 
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cylinder next it yielding at the spark as mucli — E as it 
has of + E ; the cylinders act in the same way to each 
other, discharging opposite electricities at each end ; and 
the + E of the further end of the last cylinder neutralises the 
— E of the ball connected with the ground. There is here no 
passage of the electricity of the ball into the ground^ but the 
effect is the same as if it did. Induced electricity is the term 
applied to electricity that appears on bodies before actual 
contact or spark. It is the forerunner of charge and discharge, 
these being, in fact, the crises to which induction tends. 

It would thus seem that in whatever way a body acts, 
whether as giving or receiving a charge, discharging or lying 
in the path of a discharge, in every case it is by electricities 
leaving it and becoming neutralised or disappearing by spark 
or contact The usual phraseology of electricity supposes the 
actual passage of the electricities looked upon as fluids, from, 
into, and through conductors, but the very existence of induc- 
tion renders such a supposition untenable. Electric terms, 
like many others, however, in science, though based on a 
wrong supposition, distinguish quite definitely the phenomena 
they describe. Moreover, they express what is true in effect, 
though not in process, and if we look on electricity as a force 
of which the + and — electricities are merely the manifesta- 
tions, we may speak of it as entering, leaving, and traversing 
bodies as one of its manifestations is, according to the usual 
phraseology, considered to do. 



Theoretical Views. 



31. Fluid, Theories, — There are two theories which have 
played an important part in the history of the science — ^the 
two-fluid theory of Dufay and Symmers, and the one-fluid 
theory of Franklin. According to the former, matter is per- 
vaded with two highly elastic imponderable electric fluids-* 
one, the vitreous ; the other, the resinous. These are supposed 
to lepel themselves, but attract each other. Neutral bodies 
give no evidence of their presence, ioc t\vs^ «s^ ^^^^s^ 



58 ELECTBIOITT. 

neutralised the one by the other; bat when by friction or 
other operation the fluids are separated, each body observes 
the attractions and repulsions of the fluid it happens to have. 
According to the latter, there is only one electric fluid which 
repels itself^ but attracts matter. Friction determines a gain 
of the fluid to the positive, and a loss to the negative body. 
Of the two theories, Dofay's is generally preferred, because 
the perfect similarity of each electricity, separately considered, 
is better represented by two similar fluids, than by a fluid on 
the one hand, and matter on the other. The action of induc- 
tion, as we have just described it, does not seem to favour 
the idea of electricity being a fluid or fluids. Either 
theory can give, in the main, a graphic explanation of electric 
phenomena ; but this does not necessarily imply their truth, 
for any theory which made allowance for the double nature of 
electric force could not fail to be in some degree satisfactory. 
It is extremely questionable whether electricity is a fluid at 
alL It is true that the distribution of electricity on the sur- 
faces of conductors is that of one of the fluids supposed ; but 
to act as a fluids and to be a fluid, are two very different 
things, and something more is needed than mere analogy to 
prove electric fluidity. If such a fluid existed, we might 
expect to have some traces of its separate existence ; but 
experiment teaches us that electricity is never manifested or 
transmitted apart &om ponderable matter. It is difficult to 
conceive of fluids of the nature supposed. They are, in fact, 
quite as peculiar as the phenomena which they are intended 
to explain; still, the science of electricity is very much 
indebted to the supposition of its fluidity. It has served to 
lessen the abstractions of the science, and to simplify the com- 
prehension of phenomena, much in the same way that the 
balls of an abacus, though not numbers, facilitate calculation 
by being dealt with as such. 

32. Faradmfs Theory of Induction. — Faraday has propounded 
a theory of electric action by induction, which, though it does 
not profess to overturn the other theories, in effect does so, 
by leaving room for the assumption that electricity need be 
nothing more than a molecular affection or property of matter. 
In compiebensiveDjesa it goes far to bind toother the varied 
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and complicated plienomeiia of electricity in all its conditions 
into a haimonions whole. We shall therefore give a detailed 
account of it. 

Faraday finds a radical defect in the finid theories ; viz., 
the leaving out of account of the intervening medium in 
induction. According to them, an electrified body is a centre 
from which lines of electric force proceed in all directions in 
straight lines. Surrounding bodies are more or less affected 
according as they are more or less near, the air or medium 
between being in no way concerned in the propagation of the 
force. The only part played by the air is to keep by its pres- 
sure the electric fluid on the electrified body, and prevent it 
from springing into the bodies presented to it. Faraday con- 
siders this view of the function of air to be faulty theoretically, 
for it seems unlikely that a dense fliiid like air can restrain 
the electric fluid supposed to be infinitely rarer; and he 
proved, by a series of testing experiments that air has a 
much more important part to discharge ; that it is, in feu^t, the 
medium of propagation. We have not space in this small work 
to quote his experiments, but we shall indicate the general 
principles of them. 

Let A be a body, say positively electrified (fig. 37), PP a 
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metal plate insulated on a glass pillar, connected by a chain 
with the ground, B a ball provided with an inHnUting handle. 
Let us leave meanwhile the series of half-shaded diclea out 
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of account. Let us suppose that PP being away, B is exposed 
to the uninterrupted action of A. B in that case becomes 
polarised, and when touched with the finger it becomes 
charged with — E (29) the amount of which can be estimated 
by an electrometer. Let PP now occupy a place in front of 
B. If, according to the fluid theories, electric force travels in 
straight lines like the rays from a candle, the plate PP should 
cast, so to speak, an electric shadow, for the inductive action 
exerted on it Axes — E on the side next A, and sends the + E 
to the ground. The back of the plate PP gives not the 
ffidntest sign of electricity, so that no action can proceed from 
it. Faraday found that when B was placed immediately behind 
the middle of PP it could not be charged. Towards the edge, 
however, of the plate, and even behind the middle of the 
plate, when held a little way out, a charge was given it, and 
in each case negative. At a certain distance behind the 
middle of the plate the charge reached a maximum, within or 
without which it fell off. Induction here manifestly turns a 
comer, or is exerted in curved lines, which cannot be accounted 
for in any other way than by supposing the air to be the 
active medium of transmission. 

Again, suppose PP insulated, and let B be laid aside, when 
the plate is touched in the presence of A, it is charged nega- 
tively (29), and, as is to be expected, the chaige thus given is 
greater when PP is near A than when it is further from it. 
If the charge that PP receives at a certain distance be 
measured when air only intervenes, and again measured when 
a cake of shell-lac so thick as to All up nearly the whole inter- 
vening space is interposed between A and PP, it will be 
found that the chaige is greater when the shell-lac lies between. 
The effect is the same as if the plate PP in air had been shifted 
nearer to A. From this experiment Faraday again concludes 
that the electric action does not pass through the intervening 
medium as light through a pane of glass, but that the medium 
itself is the active channel of communication. 

Faraday calls the medium through which induction is pro^ 
pagated as air, shell-lac, &c., the dielectric. The relative powers 
of different substances in fEu^ilitating induction are also termed 
bjrbim ^heir specific inductive co^Kicittes. The foliowing table 
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by Sir W. S. Harris gives the specific inductive capacities of 
the more important non-conducting substances, taking that of 
air as unity : Air, l-OO ; resin, 1*77 ; pitch, 1*80 ; bees-wax, 
1-86 ; glass, 1*90 ; sulphur, 1*93 ; shell-lac, 1*95. All gases, 
whether simple or compound, have the same inductive 
capacity, and this is not afi'ected by temperature or density. 

Faraday, having proved that induction must have a 
dielectric, supposes the particles or molecules of the dielectric 
to he conductors insulated from each other. Each particle 
becomes polarised like the cylinders in ^, 35. The particles 
in the immediate neighbourhood of the charged body become 
polarised by its immediate action ; they again act on particles 
next them, and so on. When the polarised particles of air or 
other dielectric come upon a large insulated conductor, they 
each exert their polarising influence on it, and the sum of 
their tiny influences gives its polarity. The conductor itself 
acts as if it were a huge molecule, and transmits the polarity 
to the particles beyond it. If we can suppose the ball in fig. 
35 surrounded on all sides by a series of insulated polarised 
cylinders^ we have an idea of the condition of the myriads of 
aerial particles which, according to Faraday, surround it. The 
different strata of air transmit their polarity to each other with- 
out loss, just as the pails do in article 28. The row of half- 
shaded circles between A and PP gives an idea of the state of 
one straight row of aerial particles in this condition ; those at 
the edge shew how the induction may turn a comer. The 
shaded halves are -h, the unshaded — , and the half-shaded 
part of PP neutral. 

Faraday generalises further. He considers that the par- 
tides of a conductor are polarised exactly in the same way 
as those of akr or other nonrConducUrry the only difference 
"being that the particles of a conductor can communicate their 
electricities to each other much Tnore readily than those of a 
nonrconductor. The gist of Faraday's theory is to reduce the 
action that we see on a large scale in insulated conductors to 
a similar action on the part of molecules, that what we see in 
the mass really takes place in the molecule. The molecules 
of matter are thus situated to each other much in the same 
way as the series of cylinders^ fig. 35. It tb& c^^is^ii^sc;^ ^is;^ 
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nearly toncliiiig, the series may be called conducting ; if at a 
distance from each other, non-conducting ; and it may have all 
degrees of conduction or non-conduction, according to the 
insulation of the cylinders from each other. Similarly, 
'when the molecules of a body, from ^me cause or other, 
are well insulated from eadi other, the body is non- 
conducting; when they are scarcely, if at all, insulated, 
conducting. The ready com/munuxUion "between contiguous 
particles constitutes conduction, and the difficult communication 
nonrconduction. 

33. Electric or inductive force only tra/otU, — If the view we 
have taken of induction be correct, the cylinders (fig. 35) 
discharge the electricity of the charged ball into the ground, 
not by its electricity passing through them, but by their 
giving out opposite electricities to the cylinder or ball 
next them; so each particle, becoming first polarised, dis- 
charges by giving off its opposite electricities to the par- 
ticles next it Electric force appears first to polarise and 
then to discharge ; first to develop in each particle the two 
electricities, and then, when powerful enough, to cause these to 
disappear by contact or something equivalent Nothing passes 
£rom particle to particle but the inductive force, each particle 
being the seat of the two electricities, and its points of contact of 
their disappearance, and each possessing the inherent property 
of being polarised, polarising and disdiaiging as often as the 
electric force acts on it The molecules of conductors, £rom 
some peculiar condition which Faraday does not attempt to 
theorise on, are easily polarised, and as easily discharge ; those 
of non-conductors, from an opposite cause, offer considerable 
resistance to both. In the case of the cylinders the condition 
of discharge is not altered when they are near each other, 
and when they are farther away, only a greater force is neces- 
sary to effect polarisation and discharge in the latter than in 
the former case. In conductors and non-conductors in the 
same way the action is precisely alike, only it takes a much 
greater force to produce polarity and discharge in the latter 
than in the former. A force, for instance, that would merely 
produce polarity in a non-conductor, might be more than 
iaMdent to effect discharge in a condxLCtox. According to 



THSORBTICAL TIEW9. 63 

Faiaday'i Uieoty, u isteipreted by tbe view we luiTe taken of 
indnetioii, condaction begins when induction ends ; or rather, 
pexlupe, is the completion of it Induction deala with tli« 
polHuijig, eondnction with the diBcharging exhibition of 
dectrie force; 

34. Theie aie nnmerouB eridencea of the &ct, that condve- 
ten and norKeitditeU>n are tht same in hind Acnigh difftrtat it* 
dagnt. When the inner and outer 
coatings of a chaiged Lejden jar are O »^ 
eounected by a long wire, which near I \ ^ — 

the coatiiigB is bent towiuds itself ''^ w \ f '• 
within s fourth of an inch, as shewn ^ ^jQ^ )^ 
in fig. 38, the greater portion of tha llMH f^-\ 
dischaige, instead of passing through |||H|/ ^^^J— 
the long wire, the course of which is II^BI 
cut off l^ a dotted line in the figure, ill^Bl 
lei^ across at the bend £ ; the pro- '||]^P|^|^^^ 
portion being greater the nearer the ^_ „ 

wire is at the bend, and the longer 

tlw course of the wire. Here the electricity finds a short 
coane of the non-conducting mr a better conductor than a 
long one of the conducting wire. 

3D. EfftcU of Ditcharge. — We have found that insulated 
bodies, when snfBcientiy influenced by electricity, like tiie 
pith-ball of the electric pendnlum, are attracted and repelled 
at diarge or discbarge. If the particles of matter are more or 
less insulated conducton, we should expect to find something 
nmilar in them. This we actually do, for mechanical action 
or luat, the equivalent of mechanical action, u always deotloped 
by diicKa'rge. Non-conductors shew this most, as their particles 
offer the greatest resistance to dischaige. When discharge takes 
place through air in the form of a spark, there is always a com- 
motion of the aerial particles, and heat ia developed ; and when 
dischaige takes place through glass, the material in the path 
of the discharge is broken into fragments or ground to powder. 
Even good conductors exhibit the same. When a largo 
amonnt of electricity is made to pass instantaneonsly throngh 
B thin wire of metal, llie wire is made red hot, and sometimes 
OT«a Taporised. llie small numbei ot AAw jmr ^m^ ' ^^ 
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particles have more work than tHey can accomplish in the 
time, and consequently act as if non-conducting. 

36. Electric Quantity and Tension are terms based on the 
assumption that electricity is a fluid. Quantity is the amount 
of the fluid that a body contains as its charge, and the tension 
at any point on its surface (insulated electricity lies on the 
surface) is the depth-— or if the depth remain the same, the 
density (Ger. dicktigkeit) — of the fluid at that point. The 
fluid may be so disposed on a body as to lie deeper, or denser, 
at one point than another, and it frequently happens that 
though the quantity of a chaise be small, its tension, on a 
limited surface, may be very great. Without the fluid theory, 
we may arrive at a correct view of these terms. K I rub, say 
six inches of a glass tube, I produce a certain quantity of elec- 
tric force ; if I rub twelve inches of the same to the same 
amount, I double the quantity. If I rub the first six inches 
more energetically, I may give it twice the power it had 
before, and then the original quantity would be again doubled. 
In this last case the particles of air immediately touching the 
glass would be polarised twice as much as in the first two 
cases, the tension of the excited particles of glass is now 
doubled. The quantity has rrference to the number of par- 
ticles electrified, and the amount of charge lodged in each ; 
the tension has reference simply to the amount of force lodged 
in each. It is possible, as we i^all afterwards find, to concen- 
trate the force of many molecules on a few, the tension of 
the latter being as much greater than that of the former, as 
their number is less. Particles that are highly electrified 
must polarise powerfully the particles near them, and if power- 
ful enough, cause discharge. Tension, therefore, is the power 
to polarise and effect discharge. 

37. Induction propagates itself in the direction where it has 
the least resistance to encounter. If we supposed the row of 
polarised particles between A and PP (uninsulated), fig. 37, 
to be those of a conducting wire, discharge instantly takes 
place. The particles instantly give off their electricities to 
each other, and the two terminal particles discharge their 
outer halves, one on the ball, the other on the plate. The dis- 

dtoj^e takes place as if there were no other particles concerned 
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than the terminal ones, whicli are in opposite states. If the 
wire were insulated, discharge would take place only in the 
interior, leaving the two terminal halves ready for discharge 
when occasion offers. Insulated conductoi's thus only shew 
electricity on their outer surfaces, and in the line of action. 
But why, when the wire touches both, does discharge take 
place along it ? The electric force of the ball can act on the 
air and on the wire. The particles of air offer considerable 
resistance to polarisation, those of the wire almost none. 
Electricity here, like all other forces, acts in the path of least 
resistance, the path most favourable to its action. K the 
facility of communication between molecules were more nearly 
equal in the air and in the wire, the inductive action would be 
directed in the proportion of that facility to each ; but seeing 
that the facility offered by the latter is indefinitely superior 
to that of the former, the whole of the action is diverted from 
the air into the wire. This facility immediately leads to dis- 
chaige and electric quiescence. 

We have already seen that the shorter the passage the fewer 
are the particles to be acted upon, and the easier is it to act 
on them; that even a short non-conductor possesses to a certain 
extent conducting properties (fig. 38), whilst even a long 
conductor becomes non-conducting. The portion of the air 
between A and PP being a shorter passage to the ground 
than any other is consequently better conducting, and the 
action of the ball is more exerted through that channel than 
through any other. The tension of the electricity on A is 
greater towards PP than on any other side. If PP were cir- 
cular, and extended nearly all round A, the whole of its 
surface could become equally active ; and if A were charged in 
these circumstances, it would receive a much greater charge 
than when nothing but air was near it. This we find experi- 
mentally to be the case. The Leyden jar and condenser are 
illustrations of it. The charge, therefore, tlmt a body receives 
%8 always in proportion to the facilities it offers for induction. 
If a body is so situated that it has nothing to act on, it receives 
no charge, or has no electro-static capacity, 

38. Discharge begins where the Tension is greatest, — ^When 
A and PP are brought so near that a spaxk '^qs&^^ \^^1^^j^^2l 

E 
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them, it is likely that the discharge first begins at A, and 
extends to PP. The reason is this. The lines of polarised 
particles expand from A to PP, PP having the larger surface. 
The tension of the particles at the plate and at the ball is 
greater than in the middle, for the inductive action, acting on 
curve lines, can bring in there a larger number of molecules 
than at the ball or plate. The lines of polarised particles 
widen out in the middle. At the ball, the number of molecules 
is most restricted, and the tension there is highest. They then 
will first be forced to be conducting, or to form electrically a 
part of the ball, the charge is thus pushed forward towards the 
plate, and the inductive lines are contracted towards it. The 
charge is again pushed forward, and a further contraction takes 
place imtil it reaches the plate. If both bodies had the same 
size and shape, the tension being greatest at the ends and least 
in the middle, the spark would start simultaneously from 
each. The following experimental . illustrations shew that 
when the tension is the same at both terminations, the spark 
or discharge first begins at the terminations. Wheatstone's 
experiment (50), afterwards detailed, shews that the discharge 
of a Leyden jar proceeds from both coatings at once, and ends 
in the middle. Electric discharge is so momentary in good 
conductors, that it is impossible, except by such contrivances 
as Wheatstone's, to determine the order of discharge. In 
solid non-conductors, where the discharge is necessarily much 
slower, we can trace it better. Matteucci placed together several 
leaves of mica between two metal plates in the manner of a 
Leyden jar, and kept the arrangement charged for some time. 
On taking the whole to pieces, he found the laminsB next the 
oppositely charged plates charged with the electricity of the 
plates, while those in the middle were without charge. The ' 
discharge, which had only partially taken place, began 
simultaneously at each end. Mica here acted as a slow con- 
ductor. The residual charge in a Leyden jar (49) arises from 
the electricities having penetrated so fax into the glass. 

We have hitherto taken no notice of the — E that, for 

instance, is said to be lost in the ground when glass is charged 

positively. Now it may be lost, and the — E induced by 

^e glaaa on ^rnrronnding conductoia may be new — B 
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induced by it But it is also possible, nay even probable, 
thsA this -— E is none other than the — E said to be lost. 
If this be the case, the ground acts as much on the glass 
as the glass on the ground, and the action is precisely the 
same as in a galvanic circuit, where the polarisation pro- 
ceeds in opposite ways, in two opposite directions, the action 
of the one strengthening the action of the other. However, it 
makes no practical difference, and it is simpler to suppose the 
insulated body to be the one centre of force. 



DisMbutioiL of Eleetricity. 

39. Effect ofJ^Mimukd Swrfaee.—'We might take it almost as 
a self-evident truth, that the greater the surface over which 
electricity is diffosed, the less is its power or tension at any 
particular point, and so we are taught by experiment. When 
two equal balls are insulated, and a charge is given to one of 
them, and then communicated to the other by contact with 
the first, it is found that both equally divide the charge, but 
that the tension of the electricity of each is one half of that 
of the originally charged balL When a watch guard-chain ia 
charged and laid on the plate of an electroscope by means of 
a glass rod, the gold leaves diverge most when the chain lies 
in a heap on the plate ; and as it is lifted up, the leaves 
approach each other, shewing that as the exposed surface of 
the chain increases, the electric tension of each part diminishes. 
We are thus taught that a large surface feebly electrified is 
equivalent to a small surface highly charged with electricity. 
This can be accounted for by the theory of induction in the 
following way. It is assumed that electricity places itself 
where it can best propagate polarisation through the particles 
of the dielectric. In the case of the two balls, as each offered 
the same feu^ility for induction, there was no distinction 
electrically between them, and an equal distribution necessarily 
took place. The polarising force, however imaltered in 
amount, having twice the number of dielectric molecules to 
act upon, can only effect half the amount oi '^o\Kn^ m^M^. 
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The same method of explanation may be adopted in all such 



cases. 



40. Electricity found only on the outer surface. — ^Experiment 
teaches lis that electricity is exhibited only on the surfaces of 
conductors ; this is shewn by the apparatus represented in fig. 
39. A brass ball is suspended by a silk thread, and covered 



A 



Fig. 39. 

with two hemispherical surfaces of brass, which are held by 
insulating handles, and which exactly fit it. A charge is then 
communicated to the ball so compounded. When the hemi- 
spheres are withdrawn, they are found to take away all the 
electricity with them, not the slightest charge being left in the 
ball The same fact is exhibited by a hollow ball placed on a 
glass pillar with a hole in the top large enough to admit a 

proof plane to the inside. 
When charged, not the faintest 
^ evidence of electricity is foimd 
on the inner surface, however 
thin the material of the ball 
may be. The edge of the hole 
should in this experiment be 
rounded at the edge, or 
covered with a ring of shell- 
lac, to prevent it discharging 
into the proof plane. The 
thinnest metal plate, when under induction, shews opposite 
eiectncities on its two faces. No electricity is found on the 




Tig. 40. 
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inner surfaces of two gold leaves diverging under the same 
charge. Faraday attached a conical bag of cotton gauze 
to an insulated ring (fig. 40), and held it distended by a 
silk thread attached to the apex. 0^ charging it he found, 
by the proof plane, the charge to be whoUy on the outside, 
and no electricity whatever was found in the inside. 
By pulling the silk thread the other way, the bag was 
turned inside out. The electricity hereupon changed sides, 
and lay wholly again on the outside. We learn from these 
and numerous other experiments, that electricity is only found 
on the outer surfaces of conductors in an envelope of inappreciable 
thickness. 

This feet is quite in keeping with the theory of induction, 
for the polarisation which a charged body exerts cannot be 
propagated towards its interior, which cannot possibly offer 
the corresponding opposite electricity, to complete the chain, 
and the outward polarisation can be manifestly best exerted on 
the very exterior, if we may use the phrase. That facility for 
induction determines the position of the charge, may be shewn 
by putting an uninsulated ball inside the cotton net (fig. 40), 
when the electricity will shift inside the net. See also the 
explanation given at the beginning of article 37 of the action 
of the molecules of a conductor under induction. 

41. Effect of Position and Shape,— We are also taught by 
experiment that the distribution of electricity on the surface 
of insulated conductors is influenced materially by their form. 
An electrified ball, for example, exhibits the same tension on 
every part ; and this we should expect, for there is no point 
par excellence where induction is facilitated. This, however, is 
not always the case, for when a conductor is brought near 
enough to the ball, the distribution is disturbed, being greatest 
towards the disturbing body, and least on the side away from 
it. If induction were propagated from the ball in the same 
way that light emanates from a candle, we should expect that 
the opposite electricity developed on adjoining surfaces ought 
to be of higher tension than on those more remote, in the 
same way that a body held near a candle is more strongly 
illuminated than more distant objects. The candle, however^ 
does not shew itself brighter on the ^de liexX. ^"^ t^kkc ^-^^m^ 
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— the distribution of its brigHtiiess is the same as before. But 
in the electii&ed ball we have a crowding of electricity towards 
the shortest dielectric channel (37). It is to this concentra- 
tion of electricity on the side of the approaching conductor 
that we owe the electric spark, and it is as we near the 
striking or sparking distance that this disturbance becomes 
decided. The concentration or fixing of electricity on the side 
of the thinnest and best dielectric is particularly illustrated in 
the condenser and Leyden jar, whose action depends upon it ; 
but in these the dielectric must be very thin to secure 
decided effect. 

When a conductor somewhat in the form of a prolate 
spheroid (fig. 41) is charged, and the electric tension 

of the several parts tested by the proof plane, 
it is found to be least at the thickest part, 
and to increase towards either end ; and the 
difference is found to be aU the greater as 
each end becomes more and more pointed. 
It is found likewise that the electric tension 
on a point is so great with a considerable 
j,j_ ^ charge as to destroy the dielectric condition 

of the air, the particles of which become 
electrified, and carry by convection, like so many pith-balls, 
the charge of the point to surrounding conductors. When 
a point is turned towards a charged surface, it acts as if the 
surface were almost in conducting connection with it ; and 
when a point is in a charged surface, it acts as if the surface 
were joined to the groimd or neighbouring conductors by 
semi-conducting wires. A flame also acts as a point. We 
therefore learn that electricity concentrates on points and 
projections. 

This is quite in accordance with the theory of induction. 
Let us take the case of a metal point presented to a positively 
charged surface. We may suppose its terminal molecules to 
be as shewn in figs. 42 and 43. If they were molecules of air, 
they would be polarised alike as shewn in ^, 42, and if we 
suppose them in this condition to be invested with conducting 
power, they would act precisely as the point in question, 
^S"' 43, The shaded halves of the molecMlea «i^ i^aitive, 
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the others n^ative. The light-shaded circles are neutral. 
The halves next the inducing body must be negative (fig. 42). 
The — E of the three mole- 
cules would neutralise the ^ 'v^ ""^v^ 
+ E of the two in front 
of them, and the — E of 
the two again the -f E of 
the one in which the point 
ends. In order that this 
should be, the two must .-'' .-'' 
furnish as much + E as j-jg^^g, '' j^.42. 
the three of - E, and the 

one as much as the two. Consequently, from the action of 
the conducting particles on each other, the one must yield 
as much + E as the three, and be polarised three times as 
much. The ejQTect of the whole three is thus lodged in the one 
(fig. 43) ; and if the point be prominent enough, the eflfect 
of the whole — surface connected with the point will be 
concentrated in the terminal molecule. The point here is 
supposed to be perfect, which we never have in practice, but 
ordinary points approximate more or less in their action to it. 
The point so strongly charged will react on the air, and cause 
all the lines of inductive force to concentrate on it. The 
fBMjility with which the molecules of a conductor communicate 
their electricities one to another is no doubt the reason why 
the distribution of electricity on the surfaces of conductors 
i^peais to be that of a highly elastic fluid (31). 



Electrometers and Electrosoopes. 

These words are generally taken as synonymous ; electro- 
scopes, however, should be applied to the instruments which 
give evidence of electrical excitement without giving the 
exact measure of it ; and electrometers to such as shew both. 

42. Quadrant Electrometer, — ^Fig. 44 represents the quadrant 
electrometer. It consists of a conducting-rod, generally of 
box-wood or brass^ with a graduated ^«ix£is^\t^^ ^^(^jbsS&s^ 
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above, in the centre of which is a pirot foe the rotation of 
a fitiaw canying a pith-ball at its outer end. It is used foi 
electricity of high tension, Buch as that of the 
electric machine. When placed on the prime 
conductor of the machine, the whole hecomee 
charged with + E, and the ball is repelled 
first by the electricity of the rod, and then by 
that of the prime conductor, the height to 
which it rises being seen on the aemicircle. 
This is not an electrometer in the strict sense 
of the word, for although it tells us, by the 
Lw rising and falling, when one tension is 
I greater or leas than another, it does not tell 
Tit 44 ua by how much, the conditions of its repul- 
sion b«ng loo complicated for simple mathema- 
tical expreesioa It can shew us, however, by the indicator 
standing at the same point, when the electric tension of the 
machine is the same at one time as at another. 

43. The Gold-Uaf EUctrotcope is the most convenient instru- 
ment for testing electricity of feeble tension. One of the best 
of its forms is shewn in fig, 45. A glass ball, about four 
inches in diameter, i«sts on a brass tripod, 
f and its neck, about an inch in diameter, 

jflj^ is enclosed by a brass collar fixed with 

THT shell-lac. A brass plate, with a hole of 

^■M^^^ one-fonrth of an inch in diameter in tlLe 
V^^^^^^ middle of it, can be screwed air-tight into 
B^^^^H the collar. Before it is so fitted, a brass 
^^^^^^V rod, oae-eighth of an inch in diameter, is 
^9BF fiiel by shell-lac or sealing-wax into the 

/f[J i \ ^^ hole in the middle, so as to be perfectly 
^^(^^^ ^^ insulated from it The upper end of the 
Fig, 4£. rod ends in a brass ball, and the lower end 
ia filed on each ride, to allow of two stripe 
of gold-leaf, an inch in length, being attached to it. Before 
the plate and leaves are finally fixed, the interior of the ball 
is thoroughly dried, by passing hot dry air into it, so that the 
ball contains no moisture to carry away the charge of the 
Jearee. Whea the plate is scieved to the collar, there is no 
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communication between the included and external air. The 
insoLation of the leaves is complete, and they keep their 
charge, in dry weather, for hours together. When the instru- 
ment is used, it may be charged directly, by contact being 
established with the ball and the body whose electricity we 
would examine, or a charge may be carried to it by the proof 
plane, when the leaves diverge according to the charge com- 
municated. When we would ascertain simply the kind of 
dectricity with which a body is charged, we proceed in the 
following way. A glass tube is rubbed, and brought into the 
neighbourhood of the brass knob; the leaves diverge by 
induction, and, when so diverging, the knob is touched with 
the finger, and the leaves fall to their original position, for 
they are then out of the line of action. In this state, — E is 
fixed by the action of the + E of the tube on the side of the 
knob next it, and the corresponding + E is lost in the ground. 
When the finger is removed, the + E is cut off, while the — E 
remains in the knob ; and its presence is manifested by the 
leaves diverging permanently after the removal of the tube. 
If, now, a positively electrified body be brought near the 
knob, it draws away the — E from the leaves, and they conse- 
quently fall in ; but if a negatively electrified body be brought 
near, it sends the — E more to the leaves, so that they diverge 
farther. We are thus enabled to distinguish between a + and 
a — charge. But it may be asked, why not charge the elec- 
trometer immediately with the glass? There are two diffi- 
culties in the way of this. If the glass is powerfully electrified, 
it gives too great a charge ; and if feebly, contact between the 
knob and the glass cannot be effected, although its electricity 
acts powerfully by induction. We therefore bring the glass 
rod near the electrometer, and when the leaves diverge suffi- 
ciently, we touch the knob with the finger, and withdraw first 
the finger, then the rod, and the leaves diverge as before. 
For the more delicate use of the gold-leaf electroscope, see 
Condenser. 

44. GouUrmh^s Torsion Balance (fig. 46) has played an 
important part in examining the laws of electric forces. A 
glass canister. A, is placed on a wooden frame, and is covered 
above by a plate of glass or wood •, in tloa T£i\SkS2ia ^1 'Obm^ 
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jdate a round hole ia cut, over which ia fixed, by wooden 
fittingB, a long ^Ubs tub«, B, having the gi«diiated rim of a 
ciide attached at its upper end. A circular plate, Testing on 
this lim, closes the upper end of the 
tube ; and when it ia turned round, a 
mark upon it telle the number of 
degrees thiough which it has been 
moved. A cocoon tiuead or very fine 
wire is tied to a book in the centre of 
the lower side of this plate, and thence 
descends to the body of the canigter. 
It carriea below a coUai of paper, or 
other light mal«iial, in which a needle 
of ahell-ko ia adjusted, having a disc 
of gilt paper placed vertically, or a 
gilt pith-ball at its one end and a 
interpoiae at its other. When the 
plate above is moved through an; 
number of d^rees, the needle below, 
impelled by the torsian of the thread, comes to rest at 
the same number on the scale below. This last consiBtB 
of a str^ of paper divided into d^reea, pasted round 
the cylinder at the same height as the needle. In the 
cover of the canister there is another opening for the 
admission oi a ball insulated at the end of a rod of . 
shell-lac, and which, when supported by the cover, is cm a 
level with the paper disc of the needle. When the instra- 
ment is adjusted for observation, the mark on the npper 
plat« and the paper disc stand each at the zer^-points of their 
leepective scales, there being of conne no toiaion in the 
thread. The ball is removed, to receive a charge fcom the 
body under investigiLtian, and is then placed in the cylinder, 
when the disc is first attracted, then repelled. Suppose that 
the disc be driven 40°, as shewn by the lower scale, from the 
ball, and that the upper plat« haa to be moved in the opposite 
direction, through 160° of the upper scale, to bring it back to 
10°, the total degree of toreion is 160° + 40° = 200'. If the 
ball and disc be now diechatged, and another charge be given 
At tAe ball, which requires 250' of toision to '^lace the disc at 
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lO**, we have the relation 200 to 250 as that of the repulsive 
forces of the two charges, for the amount of torsion in degrees 
is proportional to the twisting force. Without entering farther 
into detail, we may state the two laws that Coulomb estab- 
lished by this instrument : The intensities of the mutual repul- 
sion or attraction of two invariable quantities of electricity of 
the same or different names, are in the inverse ratio of the 
' squares of the distance ai which these act. The intensities of 
the total repulsive or attractive action of two electrified bodies 
placed at an invariable distance, are proportional to the products 
of their electric cheirges. This supposes that the electrified 
bodies are small in ooonparison to their distance, so that they 
act as a whole on -each other, and that they are equally 
affected by the induction of surrounding objects. 



Eleotric Maohlnea. 

In the tube of glass and eilk rubber we have the embryo of 
the electric machine, viz., a body which, when rubbed, is 
positively electrified, and its rubber negatively. The first 
requisite we should expect in a machine of this nature is a 
large surface, to give a great amount of electricity. But there 
is another already casually referred to : glass being a non- 
conductor, the electricity formed on its surface has not a 
combined action, so that some arrangement is necessary to 
collect it, and render it available— to act, in fact, as its con- 
ducting reservoir. This portion of the machine is denominated 
the prime conductor. The rubbed suzfaoe of the electric 
machines is either a cylinder or plate of glass, kemse wb dis- 
tinguish them into cylinder machines and plate machines 
The former, from their more compact form, are the more 
manageable ; and the latter, from both sides of the glass plate 
being rubbed, are the more powerful forms of the instrument. 

45. Plate Machine. — ^The description of Winter's plate 
machine (fig. 47) wiU be quite suflBicient to shew the general 
requirements and construction of electric machines. It was 
designed by Carl Winter of Vieima, and \ta TOKoSo^^&^'^^a. 



those of Bome of the best forms of electrical apparatus, Iiave 
been made widely known by two well-known Gennon worke, 
Hiiller's Phynk and Prick's PkytikalUehe Teehnik. The first 




nuichiue on thu priiidple in tkis country was made under the 
author's superintendence in 1858. It is one of the best esist- 
ing forma of. the machine. The gloss plate is turned on the 
axis ail, by means of the handle 
c. The longer end of this axis, 
consisting of a glass rod, moves 
in the wooden pillar d, and the 
other rests in Uie wooden head 
of the glass pillar e. The plate 
is thus completely insulated, 
and little loss of its electricity 
can take place through its sup- 
ports. The two rubbers, one of 
shewn on the outside, 
i, are triangular pieces 
padding of one or two layers of 



9 



of wood, covered with . 



Haanel, enclosed in leather, and thej 'pr^as^ut & flat hard 
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surface to the glass, so that friction between it and them 
takes place in every part. They are placed in a wooden 
fiame on each side of the plate, and the pressure is regulated 
by metal springs, fixed to the outside, between them and 
the frame. Before use, they are covered with an amalgam of 
mercury, zinc, and tin, which is made to adhere with the aid 
of a little grease, and which increases immensely the produc- 
tion of electricity. The surfaces of the rubbers are therefore 
conducting, and are made to communicate by strips of tinfoil 
with the negative conductor, f (fig. 47). To prevent the electri- 
city of the glass from discharging itself into the air, before 
reaching the prime conductor, each rubber has a non-conduct- 
ing wing fastened to it, which is made of several sheets of 
oiled silk, kept together by shell-lac varnish, beginning at the 
rubber with several, and ending with one or two sheets. 
When the machine is in action, electrical attraction makes 
them adhere to the plate ; but when it is out of action, they 
may be kept up by a split pin, g. As the plate turns, the 
rubbers are kept in the frame by their ledges, K The whole 
framework of the rubbers and negative conductor is supported 
by the short glass pillar i, so that it can be insulated when 
required. The prime conductor, A:, ia a brass ball insulated on 
the long glass pillar Z, and to prevent the edges of the ball at 
the junction dissipating the electricity, the pillar enters the 
ball by a trumpet-shaped opening. The collection of the 
electricity from the glass is made by a row of points placed in 
the grooves, inside of two wooden rings, m, m, which are 
attached on each side of the plate to a piece of brass project- 
ing horizontally from the ball of the conductor. The grooves 
are covered with tinfoil, which conveys the collected electri- 
city to the ball, and the points are kept out of the way of 
injury by not projecting beyond the grooves. 

A section of the ball of the prime conductor is shewn in 
fig. 49. There are four openings into it : the lower one for 
the head of the supporting pillar ; the one at the right for the 
attachment of the collecting apparatus ; the one at the left 
for the stalk of a small brass ball ; and the upper one for 
admitting the lower end of a large wooden ring, removable 
at pleasure. This Jast forms the pecxiliax ieai\ys& ^i^\si!iK^^ 
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machine. It consists of an iron wire bent into the shape 
shewn in the figure, carefully covered all round with polished 
wood, and communicating by a brass pin at the foot of the 
stalk on which it stands with the prime conductor. To receive 
the sparks from the machine, an appendage (fig. 50) termed 






Fig. 49. 



Fig. 50. 



the spark-diawer is provided. This consists of a wooden 
pillar of the same height as the prime conductor, in the head 
of which a brass rod slides^ with a laige flat ball at the one 
end and a small ball at the other. All the fittings of the 
machine are of wood, no metal being used but for the prime 
and negative conductors. The loss caused by metal fittii^ 
in ordinary machines is very considerable. The insulating 
pHlars should be, if possible, of green glass, which, from the 
absence of lead, is less conducting than flint glass. It is 
desirable, likewise, to cover them with shell-lac varnish, 
which prevents the formation of a conducting layer of moisture 
on them from the atmosphere. On using the machine, it is 
first necessary to connect the negative conductor by a wire or 
chain with the ground. As the plate is turned, — E' is 
developed on the rubbers, and led to the negative conductor ; 
and + E is formed on the glass, which is collected by the 
polntaj, and transfeired. to the prime condactor. If the 
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negative conductor were insulated, the electricities of both 
conductors, being of opposite names, and equal in amount, 
would act inductively on each other, so that the + JE of the 
prime conductor would be to a considerable extent bound by 
the — E of the other conductor. Whwi the latter is connected 
with the ground, its electric tension is no higher than is due 
to the inductive action caused by the prime conductor, which 
at the distance is not great, so that the electricity of the prime 
conductor is free to throw itself on the objects presented to it. 
To lessen this attraction, and at the same time to insure the 
insulation of the + E, both conductors are placed as far 
apart as possible, the distance in Winter's machine being 
nearly the diameter of the plate. If — E is wanted, the 
p^ative conductor is insulated, and the prime conductor 
connected with the ground, when sparks of — E are given off 
by the negative conductor. 

46. Disruptive Discharge in Air, Spwrkf brush, glow (Fr. 
^tinceUe, aigrette, luewr; Ger. funke, bU8chel,glvm/men). — ^The term 
disruptive discharge is applied to all cases where discharge is 
attended with a disruption of the particles of the dielectric. The 
various forms of disruptive discharge through air can be well 
seen with Winter's machine. The negative conductor being 
connected with the ground, with a two-foot plate, we may 
observe them in the following order. On turning the plate 
once or twice, a faint snapping sound is heard, and, when the 
room is darkened, a flickering spark is seen to be thrown out 
from the two-inch ball projecting from the prime conductor, 
which has' the form of a bush, without leaves, with trunk, 
branches, and twigs, about ten inches in height. This is one 
form of what is called the brush discharge. Its general 
direction is horizontal, or not much inclined &om it, but it 
turns to the hand or other flat conductor brought near it. If 
it be received on a ball, its various branches concentrate on it. 
If the brush proceed from the end of a brass rod, instead of 
from a ball, it becomes very much diminished in size, and 
resembles a brush of feathers. The brush discharge, though 
apparently continuous, has been found by Wheatstone to 
consist of a series of successive brushes. 

When discharge is effected from a point, a atas ot ^&y\A ^1 
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light marks its termination, while strong currents of air pro- 
ceed from it, which are strong enough to blow away the 
.flame of a candle. These currents accompany more or 
less the Tarious forms of the brush discharge. The par- 
ticles of air thus carry away the charge from a point 
to surrounding conductors, and hence a point is said to 
discharge itself by convection. The glow is more readily 
got, and becomes much more extended in rarefied air. 
A tall receiver, with a ball above connected with the 
machine, and a ball below connected with the ground, when 
exhausted, presents the appearance of a pillar of flicker- 
ing mauve-coloured flame. When a vacuum tube (that is, a 
tube exhausted, or air with platinum wires hermetically fixed 
in its ends) is held near the machine, flashes of light pass 
through it, and continue to pass at intervals even after the 
machine has ceased to act. The flickering light thus produced 
bears a striking resemblance to the aurora borealis. No 
sound accompanies the glow. If we connect the brass rod, 
of the spark-drawer with the ground, or the negative con- 
ductor, and bring the flat ball opposite to the small ball on 
the prime conductor, straight brilliant sparks, each sounding 
like the crack of a whip, pass between them so long as the 
distance does not much exceed two inches. Beyond that 
distance, the sparks become somewhat crooked, and at 
about four inches, the discharge begins to take the form 
of a brush. If, now, the ring be placed in the conductor, 
the sparks again pass with readiness, and the brush does 
not again take place till the ball of the spark-drawer is 
eleven or twelve inches off. The long sparks thus obtained 
with the aid of the ring are decidedly crooked or forked, 
with strongly-marked lateral branches, which become all 
the more marked as they lengthen. It would thus seem that 
the spark has a tendency to break up into branches. When 
the striking distance is small, this is not so perceptible ; it 
is then straight and its branches scarcely observable. As the 
distance increases, it is crooked with well-marked offshoots ; 
and when the distance is too great, it splits up entirely 
into a bush or brush. 
Tbe function of the ring of Winter's machine is therefore to 
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increase enormotisly the length of the spark. This would 
€ieem to arise in the following way : Quantity as well as high 
tension of electricity is requisite for the long spark. Without 
the ring, the electricity collected on the prime conductor 
concentrates on the projecting hall, but it cannot gather 
strength enough to make a full discharge into the neighbour- 
ing spark-drawer, for before the quantity is sufficient, the 
tension of the electricity on the small ball has pushed the 
polarisation of the molecules of air to their utmost, and a 
partial or overflow discharge in the form of a brush ensues. 
When the ring is added, from its thinness and prominent 
position, it diverts the electricity into it ; and before the 
tension of the electricity on the small ball again rises to 
dischai^ng point, a large charge is accumulated in the com- 
pound conductor, which finds full vent in a powerful and 
concentrated spark. The wooden envelope appears to act to 
the core as the oiled silk to the plate ; it prevents discharge 
into the air.. The influence of the large flat ball of the spark- 
drawer is of importance ; it concentrates, from its size, the 
inductive action of the charge on itself, and &om its flatness, 
it cannot hasten a premature discharge. Long sparks do not 
necessarily imply a very powerful machine, but they guarantee 
good production of electricity, and an insulation so perfect 
that no power is squandered. For the generality of electric 
experiments, sparks of one or two inches are amply sufficient. 
T^ese, Winter's machine gives readily without the ring ; and 
when occasionally long sparks are wanted, the extension of 
the prime conductor can be added without inconvenience. It 
might be supposed that while the long sparks pass, the machine 
works more powerfully than at other times ; but such is not 
the case, for the long spark occurs only occasionally, and the 
short one almost incessantly. All the forms of disruptive 
discharge are accompanied with the peculiar electric odour 
which arises from the production of ozone, a peculiar modifi- 
cation of oxygen. 

47. Cylinder Machines. — Fig. 51 represents a cylinder 
machine. A is the glass cylinder, E the negative conductor, 
insulated on a glass pillar, D, which can be adjusted by the 
screw, w, in the sole of the instTOmftiA. Tiaa TKs^^t Ss^ 

V 



attached to the n^^tiTe condnctor, and the flap of oiled 
m1^ KE, to the mbbei ; G ia the prime condnctoi, insulated 
on the glass pillar H; B,B 
aie the wooden standards 
in -which the axis of the 
cylinder works. The rest of 
the machine i 
explained by the fignra. 

46. Er^erimentt vnth the 
EUetric MadUnt. — To tUiu- 
trait Atlraction and Btptd- 
— A wooden head with 
on it ia fixed to a metal 
and placed on the 
As soon as the 
Degina to work, the 
hairs stand on end apart 
from each other. When the h&nd is placed above the hairs 
thus excited, they conyeige and cling to it The haiiB 
being + and the hand — , attraction takes place between 
them. Between two bodies, one electrified and the other 
connected with the ground, there mUBt always be attrac- 




tion. The electric danu ( 



. 02) is another illnstiatiotK 
The plate E is hnng &om. 
cnE=^^^^^_^^]i> CD, connected with the 

I I f machine ; CD stAods on an 

I j^^K^^^ inrolating pillar AB. Below E 

^^^^^fa ^^ t^« nninsnlated plate F. 
~ Pitcli%areB are placed on the 

uninsulated plate. When the 
machine is turned, the two 
plates an oppositely eleebifled, 
and the pith figures' are alter- 
nately attracted and lepeUed by 
ea<^ They keep thos dancing 
between the two so long as the 
gj_ gj_ machine acts, or nntil they le<qi 

away under the excitement The 
4WCIW tia^ h abewa when the nppet and lower plates form 
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the end of a glass cylinder four or five inches in height, and 
pith-balls placed inside instead of %nres. The balls are 
kept in continuous upward and downward motion between 
the plates, and, like the figures, discharge convectively the 
upper plate. A great many electric toys are constructed on 
this principle. Among them may be mentioned the electric 
chimes, where bells hung by silk threads, are kept striking 
alternately bells connected with the machine, and others 
connected with the ground. 

The effect of Points and Flames. — ^When the machine is in 
action, and sparks of several inches in length are passing, they 
instantly cease when a sharp metal point held in the hand is 
presented to the machine within a few feet of it. If a pointed 
rod be placed on the machine, no spark can be got from the 
prime conductor ; powerful currents of air proceed from the 
point sufficiently powerful to turn a small wheel furnished 
with paper vanes, or to blow away the flame of a candle. 
Persons standing near the machine, feel as if cobwebs were on 
the face, arising &om the charge being disseminated by the 
point. The reaction of the air on points can be made to move* 
the points themselves. This is generally shewn by taking a 
wire pointed at both ends, and bending it so that its points 
are at right angles to it and on opposite sides of it, and pois- 
ing the whole on a point on the machine. When the machine 
is in action, the points are driven backwards, and the wire 
revolves on the principle of a reaction wheeL In the dork^ 
the points describe a luminous ring from the glow at them. 

When the flame of a candle is held near the machine it 
acts like a point ; if iminsulated, it acts more decidedly than 
when insulated. In the latter case, it appears to point towards 
the machine and out from it, acting like a double point — one 
discharging the machine, the other dischaiging the flame into 
the air. 

The heat of the spark is shewn by holding a spoonful of 
ether below the small projecting ball so as to receive a spark 
from it. The spark instantly kindles the ether. 

Com/m/un/icaiion of Electricity, — Gondxictive. — A person stand- 
ing on an insulating stool (that is, a stool with glass legs), with 
one hand on the machine, can witb th& Qit\i€t ^€sA ^^e^&& \j^ 
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everything and everybody about him. In this position he 
can light with his finger a jet of gas or kindle ether. Induc- 
tive, — The most extraordinary experiment that can be per- 
formed with Winter^s machine, is the lighting of a gas-jet 
by a person wholly unconnected with the machine, and 
standing some eight or ten feet from it. If the person so 
fiituated holds the blade of a knife or other point over the 
gas-burner, at a distance only short of touching, at each long 
spark from the machine, a small spark passes between the 
blade and the burner, and this ignites the gas. The reason is 
as follows : The body of the person in question is electrified 
negatively by the extensive prime conductor of the machine 
acting inductively. When the spark passes, the ring is dis- 
charged, and its inductive power for the moment ceases, and 
the negative electricity of his body, now no longer attracted 
by it, returns to the ground, and taking the easiest route 
causes the spark in question. This is quite similar to what is 
known in thunderstorms as the backstroke (Fr. choc en retour; 
Ger. rUckschlag), A person in a prominent position, under a 
highly-charged cloud, experiences a violent, sometimes fatal 
shock at the same time as a flash of lightning, although the 
flash was not at all near him. 

Th^ physiological effect of the spark may be felt by any one 
holding the back of his hand near the machine so as to get a 
spark from it A ten-inch spark from Winter^s machine 
produces a stinging sensation accompanied by a nervous 
twitching, and this may be felt by a dozen persons at once, 
joined hand in hand, the first presenting his free hand to the 
machine, and the last having his free hand connected with 
the ground or negative conductor. The last, however, receives 
a less shock than the first, because since each person is badly 
insulated on leather soles, more or less moist, so much 
electricity descends to the ground as it passes through each. 
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49. Leydm Jar (Fr. Bouteilk de Leyde; Qer. Leydntr 
FloMhe). — This is a. glass jar (fig. 53), mth a coating of 
linfoil pasted carefully inude and out, extending to within 
a few ischea of the mouth. This last is 
generaUj closed by a wooden stopper, tlirough 
which passes the stalk of a brass knob oi 
snrmonntii^ the whole. The connection 
between the inside coating and the 
completed by a chain extending from the I 
stalk to the bottom of the jar. If this jar be I 
put on an insulating stool, so that sparks i 
pass &oin the prime conductor of a machine I 
to the knob, when the jar is thus insulated, 
one or two aparks pass, and then the chaige 
seems complete, for no more sparks will follow, though the 
action of the machine is continued ; or if they do, they are 
immediately dissipated from the knob in a brush discharge. 
If then, however, the knuckle of the experimenter ba brought 
near the outer coating, sparks bc^ again to pass freely ; and 
for everv spark that passes between the machine and the 
knob, a similar spark passes between the knuckle and outer 
coating. This continues for some time, and then the jar 
appears to he again saturated. It is now said to be fully 
chained. The outside of the jar can, in this state, be handled 
freely, and if it be still on the insulating stool, ao may also 
tiie knob, although, when the hand first aj^roaches, it receive* 
a alight spark. But if, when the experimenter has one hand 
on the outer coating, he bring 1' 
other hand to the knob, before it c 
reach it^ a straight, highly brilliant 
spark passes between the knob and his 
lumd, and he experiences a shock of 
great violence. If he try the same thing 
Rgwi, a feeble spark and shock again 
ensue, and the jar is now thoroughly ^'^ **■ 

discharged. As it is highly inconvenient, if not dangerous, to 
discharge the jar through the ^oij, ditdvatgiM^ \«njjv >^i%. 
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54) are used for that purpose, which consist of two brass arms 
ending in balls, and moved on a hinge by glass handles. 

The following account may be given of the action of the 
jar : When a spark passes between the conductor and the 
knob, the + E thereby communicated to the inner coating 
induces polarity in surrounding conductors, the — E being 
turned towards it From the knob, it can act upon a wide 
but distant range of conductors, through the air as the dielec- 
tric ; and through the glass as dielectric, it can act upon the 
outer ooatmg. Now, as the outer coating is very much nearer 
than oflier conductors, and as glass is a better dielectric than 
air, by ixr the most important direction of induction, when 
the jar is uninsulated, is through the glass. We have, there- 
fore, the electricity given to the knob and inner coating 
divided, as it were, into two inducing charges— one to the 
further conductors, and the other to the outer coating. The for- 
mer of these we may call the free charge, as it acts in the usual 
way through the air ; and the latter, the boimd charge, for it 
has a special conductor and dielectric. Electricity, which, 
from peculiar inductive facilities, acts only in one direction, 
is called faced, hound, or disgrmed electricity (Fr. ilectridte 
diesvmulee, Ger. gebundene eUctricaMt). When the jar is 
insulated, we find that after one or two sparks it refuses to 
take more. This comes from the outer coating refusing to be 
further polarised, or, which is the same thing, the insulated 
electricity can more easily transmit polarisation to surround- 
ing conductors through the knob than by means of the -h E 
induced on the outer side of the outer coating. When, how- 
ever, the outer coating is connected with the ground, either 
by spark or contact, the polarisation can reach its final ter- 
mination, the ground, much more easily through the thin 
sheet of glass than through the air, so that every spark that 
the jar now receives goes, for the most part, to the bound 
charge, and a small fraction only to the free charge. What 
goes to the bqund charge must have a corresponding - E on 
the outside coating ; and for every amount of — E thus fixed 
on the outer coating, a corresponding amount of -h E must be 
sent from the outer coating, either silently, when in contact, 
or by sparky when nearly so, into tlie ground •, and what goes 
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to the free charge has its — E imperceptibly induced in 
fioironnding conductors. The jar thus receives rather more 
4- £ inside than — E outside ; the latter, however, being by 
far the laigest portion of the total — E induced. After a few 
more turns of the plate, a second limit is reached, and the 
sparks refuse again either to travel or to be retained. This 
arises from the air offering an easier channel for induction 
than the glass, the particles of which now offer more resist- 
ance to further polarisation than those of air to a disruptive 
discharge. The thinner the jar is, the longer must it be before 
this state of things ensues, for the greater then is the facility 
for induction offered by the glass, and the less therefore will 
surrounding conductors acting through the air come into 
competition with the outer coating. The charge which the 
inner coating can receive is in proportion to the facility it has 
for induction. The thinner the glass, therefore, the greater 
will be its charge, and the less the proportion of the &ee to 
the bound charge. If the glass could be made of indefinite 
thinnesSy so as to offer perfect facility for induction, other con- 
ductors would not then come into competition with the outer 
coating. The &ee charge could not then exist, and there 
would be no limit to the charge which the jar could receive. 
Practically, however, there is a limit to the thinness of the 
jar, because when the particles of the glass become too highly 
polarised, they discharge into each other disruptively, for as the 
glass gets thiimer the polarisation of its particles rises higher ; 
and when it is too thin, the polarisation rises higher than the 
cohesion of its particles can bear, and a disruptive discharge 
takes place through it. Such a spontaneous discharge some- 
times occurs with ordinary jars at their thinnest part ; and as 
the ^acture which it there causes in its passage makes the 
jar useless, it is usual not to charge a jar to, saturation. The 
beau ideal of a Leyden jar would be one whose dielectric was 
perfectly insulating, and yet offered no resistance to the 
propagation of polsucity among its particles, a condition mani- 
festly unattainable. According to Wheatstone, the amomit 
of electricity which ajar can receive, provided it be of uniform 
thickness, is proportional to the coated surface, and inversely 
proportional to the square of the thocJiniess of XhA ^\aa&. 
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The two charges are bound by mutual attraction to each 
aide of the glass ; but if both coatings could be simultaneously 
removed, as in the condenser, each would give striking 
evidence of its high electric tension. The outside coating can 
be touched without shock, for the — E is next the glass, and 
the + E has been lost in the ground, of which the outer 
surface of the coating, as well as the hand, forms a part. The 
inner coating, or its representative knob, may not be touched 
while the jar is uninsulated, for the discharge of the two 
coatings would be effected through the ground and body. 
When it is insulated, it may be touched, after, however, 
receiving a small spark, arising partly from the discharge of 
the free charge. The outer coating becomes here the insulated 
or charging coating, which must always have more electricity 
than it binds on the other coating ; for although the other 
coating offers the greatest facility for induction, surrounding 
conductors still offer some facility, and divert some of the 
charging electricity as a free charge on them. Consequently 
the spark got from the knob is partially made up of the free 
H- E already there, and partially from the + E set free by a 
corresponding amount of — E being set free in the outer, now 
the charging coating. When now we touch the outer coating, 
a — spark is got from it, and when we again touch the knob, 
a + spark ; and thus, while the jar is insulated by touching 
alternately the knob and the outer coating, we gradually 
discharge it. A toy, called the electric spider, prettily illus- 
trates this action. A ball connected with the outer coating is 
placed at the distance of one or two inches from the knob 
of the jar which is insulated, and a piece of pith made up so 
as to resemble a spider is hung by a silk thread between. The 
spider keeps moving between the two balls, under the influence 
of the electricities alternately liberated from each coating. 

When we wish to discharge the jar with the tongs, we place 
one ball on the outer coating, and bring the other round to 
the knob, when the discharging spark takes place. The length 
of this spark is many times longer than the thickness of the 
glass, which shews that a discharge takes place more easily 
through the air than through a glass plate of much inferior 
tbicknesa. On bnnffng the ball of the loii^%, aftei the first 
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discliarge, nearer to the knob, a feeble secondary discharge 
follows, arising from the electricity which, under the intense 
action, had penetrated the glass, in the endeavour to force a 
inducting passage through it, being partially left in it. It is 
to this state of conduction into which the surfaces of the glass 
are forced, that we may attribute the fact, that the charge 
appears to lodge more on the glass than on the coatings, the 
latter merely serving to aid in giving completion to their 
semi-conducting state. This is usually illustrated by a jar 
with movable coatings, which, when charged, can be taken to 
pieces. The jar being insulated, the inner coating is first 
removed, then the jar is lifted from the outer coating. Both 
coatings being completely discharged, the whole is again put 
up, and a discharge of very considerable power is obtained. 

A series of insulated jars can be charged simultaneously 
with the same charge. They are arranged so that the knob of 
the first jar is connected with the machine, and its outer 
coating with the knob of the second. The outer coating of the 
second is in the same manner connected with the knob of the 
third, and so on, the last outer coating being connected with 
the ground. The whole is discharged by bringing the knob 
of the first in connection with the outer coating of the last 
This is called the charge by cascade. The outer coating of 
one jar, and the inner coating of the next, is placed in the 
same circumstances as each of the cylinders (fig. 35), only they 
are separated by glass instead of air from the next in the 
series, and from the extent of surface and proximity of each, 
they are polarised much more powerfully. 

For great power, large surfaces are necessary. This can be 
obtained either by constructing a large jar or by uniting 
several small jars together, so as to act as one. The latter 
method is preferable, as we can vary the surface according to 
the number of jars employed. A combination of small jars 
united together as one is called an electric battery. A very 
convenient form of electric battery is shewn in fig. 55. The 
knobs of each jar ^mmunicate with a large central one by 
means of arms of brass moving on hinges, and the outer coat- 
ings are put in conducting connection, by being placed on an 
insulated stool covered with tinfoiL The iiitAn.QY c/^«i;.\sts^ 
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be ctmTeuieittly chafed by a long projecting ana &om the 
ceubal knob, and the exterior ones I17 connecting the stool 
vith the knob of the unit jat, or by a wire with the ground. 
Any jar can be thrown out of action by throwing back its ami. 




Willi respect to the iMkmg ditlamw, 01 tbat through 
vMch the aii-dischaige takes place, it has been found that it 
w ipropoftioitai to the amount of Iht Aarge, aatd iwotnely 
proportional (0 the cstott of (he maiingt. Thus, when a jar 
is half ehatged, the striking distance is half what it is with a 
foil chaige ; and to keep the same striking distance for a jar of 
twice the size, a double chaige is neoesBaiy. Tba amount of the 
chaiige ia correctly enou^ known by the nnmber of turns of 
die ^te <^ the machine When great accsKcy ia wanted, the 
outer coating of the insulated jar 01 battery is made to spark 
into the knob of a small jar, whose outer coating is connected 
with the ground. A ball connected with the outer coating of the 
■malljai b fixed so neat the knob, that when chained the jar 
discharges itself. Each dischai^ of the small jar measures so 
much dectricity fixed on the laige jar ; snch a measurer is 
denominated a unit jor. The action of the unit jei shews us 
that a small surface frequently discharged, is equivalent to a. 
Jaige sar&ce once dischuged. 
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Experiments with the Leyden Jar or Botttery, — ^By discharg- 
ing the Leyden jar or electric battery through particular 
channels, we obtain some beaatiful illustrations of the 
power of electricity. When the discharge is effected through 
thin wires of gold or platinum, the heat accompanying 
its ^paaaage is so great as to dissipate them in vapour. The 
expansion of the air caused by the spark is shewn by the 
electric mortwr. This is a wooden mortar with two wires 
entering air-tigiht at the opposite sides of the breach, with a 
small wooden ball fitting closely in the muzzle. The spark 
passing between these wires in discharge causes a sufficient 
expansion of the air within the mortar to drive the ball to 
some distance ofL When the discharge is made through 
gunpowder, it tosses the grains violently about, but causes no 
ignition ; when, however, it is retarded by introducing an 
imperfect conductor, such as a wet string, into the circuit, the 
gunpowder is fired. When the dischaige is made through 
glass by two points pressing against its opposite surfaces, a 
small hole is drilled into the glass. To assist in such experi- 
ments, the universal dischaiger (fig. 56) is used. This consists 




Fig. 56. 

of two arms of brass mounted on glass pillars, so that their 
position and distance can be easily adjusted, and of a small 
movable table placed between them, the whole resting on a 
wooden foot. When the discharge of a Leyden jar is made 
through a number of individuals, each receives an equally 
powerfcQ shock. The want of insulation here does not cause 
a loss as when they receive a spark from, tba "saaRX^'^.^^^'^^CM^ 
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electricities of the two coatings have each other, not the 
ground, for their final termination. 

50. Velocity of Electric Discharge. — The rapidity with 
which electric discharge takes place is so great, that we 
might well despair of reaching any definite information about 
it. Wheatstone, by means of a revolving mirror, determined 
its rate of propagation in certain circumstances. A small 
mirror was made to revolve fifty times a second, and the 
reflection of the electric spark was observed in it. Any one 
who takes a mirror in his hand and makes it revolve, sees 
that objects are apparently displaced by it, and it admits of 
an easy geometrical demonstration, that the reflected image 
describes an angle the double of that of the mirror. I^ while the 
small mirror rotates at this rate, the image of a spark should 
shew a displacement of 90°, we know that the mirror has 
moved through 45°, and the time during which this takes 
place is -^i^ of -^ = ^^ of a second. If the duration of the 
spark, then, had been -^^ of a second, we should have seen 
its image move through 90°. The eye, however, during this 
time would not have been able to discern any difference 
between the beginning and the end of the spark, so that the 
90° would have appeared as one arc of light. Examined in 
this way, however, the spark of a machine and of a Leyden 
jar were seen as if the jnirror had been at rest. Thus analysed 
with an apparatus where a duration of ^^Iqq pait of a second 
would have shewn an arc pf 1°, the electric spark appears 

instantaneous. The discharge of a 
Leyden jar through a long wire is 
not so instantaneous. Wheatstone's 
method of finding this was as fol- 
lows: Six balls (fig. 57) were 
arranged in pairs, each pair being 
quite near the other. The ball 2 was 
connected with 3 by a copper wire a 
quarter of a mile in length, so were 
also 4 and 5— the dotted lines in the figure marking simply 
the connection. When discharge took place, the electri- 
cJ/>^ of the inner coating was communicated to 1, and of the 
i?aUir coating to 6. Supposing charge to txa^^\ feom the 
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Fig. 58. 



inner to the outer coating, it would proceed from 1 to 2 by 

spark, then by the long copper wire to 3, by 

spark to 3, by the other long wire to 6, and by 

spark to 6. To the eye, the three sparks seemed 

simultaneous. In the mirror, however, they 

presented the appearance of three arcs of equal 

length, the middle one rather behind the others 

(fig. 58). In this instance, the mirror revolved 

800 times a second, and the retardation of the middle line 

was about J°. The time, therefore, taken by the discharge 

to travel from 2 to 3, or 5 to 4, a quarter of a mile, was 

-^ X — = of a second, which corresponds to 

360 800 1,162,000 ^ ^ 

288,000 miles per second ; greater than the velocity of light, 
which is only 194,000 miles per second. In the same manner, 
it was calculated from the lengths of the arcs, which were 24°, 
that the duration of each spark was ^^^^^ of a second. It 
thus appeared that the discharge was a successive one, not, 
at least, as instantaneous as through a short conductor. This 
prodigious velocity is only that of discharge, not that of 
electric action. The fact of both side-sparks occurring at the 
same instant, shews that induction must 
have been fully established along the 
whole line before discharge took place. 
One would imagine, from the dual nature 
of electric force, that the velocity of induc- 
tion must be indefinitely great. 

51. CondenscTy the apparatus used in 
conjunction with an electrometer to 
increase its sensibility, and render it 
available for indicating the presence of 
very feeble electricity. A condenser of the 
simplest form is shewn in the accompany- 
ing fig. 59. A is a gold-leaf electrometer. 
The condensing apparatus consists of the 
two brass plates B and C, which are placed 
horizontally, the lower one being connected 
with the metal rod to which the gold leaves are attached, 
and the upper one being provided with. q.tl YCkSSQ^\SN% ^^^ssssw 




Fig. 59. 
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handle. These plates are accurately ground, the one to the 
other, 80 that when placed upon each other they touch in 
every part. Theur inner surfaces are covered with a very 
thin and equable layer of shell-lac. When an observation is 
made, the excited body is brought into contact with the 
lower plate, and the finger of the observer ia laid upon 
the upper. This being done for a sufficient time, the finger 
is first removed, and then the excited body, after which the 
plate, 0, is lifted by its handle parallel to the other plate, 
the gold leaves at iJie same time diverging under the influ- 
ence of the electricity left in the lower plate. The same 
observation might have been made with the positions of the 
finger and the excited body reversed, but the leaves would 
then be charged with the opposite electricity to that of the 
excited body. Beverting to the first case, the electricity to be 
tested is communicated to the lower plate in small successive 
charges, which, acting through the thin layer of shell-lac, 
induce, 88 in the Leyden jar, a corresponding charge of the 
Opposite electricity on the lower surface of the upper plate, 
and send the similar electricity of the upper plate through the 
finger into the ground. Each weak charge of electricity given 
to the lower plate ia not allowed to dissipate, but is kept fixed 
or bound by the corresponding charge of the opposite elec- 
tricity which it has induced on the upper plate, so that an 
accumulation of such charges takes place. As yet, however, 
there is no excitement visible in the gold leaves, the electri- 
city so condensed in the plate B being capable of acting only 
in one direction — ^viz., towards the charge of the upper plate. 
When, however, the plate C is removed, the collected elec- 
tricity of the lower plate being no longer restrained to act 
towards it, immediately extends to the leaves below, and 
causes a marked divergence. In this manner, electricity of 
too low a tension to affect immediately the gold leaves can be 
condensed, so as to possess the power of doing so. 

It is found that the efficiency of the condenser depends 
upon the accurate grinding of the plates, the thinness and 
evenness of the layer of shell-lac with which their inner sur- 
faces ore varnished, the size of the plates, and their parallelism 
aa removaL This last is of the iiJtmost im^^rtaAce ; and it is 
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found, where niunerical results are wanted, that little depend- 
ence can be placed on the parallelism attained by the hand. 
For more accurate observations, the condenser is made quite 
separate &om the electrometer. The plates are in this case 
attached vertically to two wooden pillars, on which they are 
insulated, and which slide in a horizontal groove made in the 
sole of the instrument The plates, thus guided by the 
gzooves, are made to approach and to retire from each other 
with their faces parallel. In a condenser of this description, 
no shell-lac varnish is used, the air between the plates acting 
as the dielectric in its place. When one of the plates is con- 
nected with the knob of the electrometer, the observation 
piroceeds as already detailed. 

52b Bledrcphortis. — This generally consists of a tin mould 
filled with shell-lac, and a movable metal cover, with a glass 
handle, as shewn in fig. 60. The 
ahell-lac is poured in when melted, 
and it is mixed with some other 
substance^ to make it less brittle. 
Five parts of shell-lac, one of 
wax, and one of Venice turpen- 
tine is given as a good mixture. 
When used, the surface of the 
cake of shell-lac is smartly beaten 
with a caf s fur or foxtail The 
cover is then put on, and touched 
with the finger, which receives a 
slight spark of — E, just before 
contact takes plabe ; and after 
the finger is lemoved, the cover, when lifted by its insulatrng 
handle, gives a brisk spark of + E to anything presented 
to it. This can be repeated for several minutes without 
any apparent exhaustion of the source of electricity ; and in dry 
weather, sparks can be got in this way hours, and frequently 
days, after the cake has been beaten. 

The action of the electrophorus may be thus accounted for. 
When the sui&ce of the cake of shell-lac is beaten, the 
friction excites — E on it This acts inductively all round, 
but the tin mould being the neax^ cou^^^X^t^vs^ ^^^^^Ns^k. 




Fig. 60. 
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a good dielectric, tlie induction becomes concentrated on it, 
4- E becoming fixed on the side next the shell-lac, and 
— E being sent to the ground. The — E of the upper 
turface of the shell-lac is thus fixed by the -H E of the mould. 
When the cover is put on the cake, the contact between the 
two is not sufficient to allow the latter to communicate its 
charge to the former. The cover is thus acted on inductively, 
not conductively. The — E of the cake, then, has the choice 
of two channels for its induction, either through the cake to 
the mould, or through a very thin film of air to the cover. 
The latter, from its offering so short a passage through the 
dielectric, has the preference, and the inductive action of the 
charge is diverted from the mould to the cover, and the + E. 
on the other side of the cake is for the time liberated and lost 
in the ground. The cover being strongly polarised, + E is 
induced and fixed on its lower surface, and — E on its upper, 
this last being transmitted to the ground by the finger. When 
the finger is withdrawn, and then the cover, the -H E of the 
latter is free to discharge itself by spark, and inductive action 
again takes the direction of the mould, once more attracting 
-H E to it. If the cover be lifted off without being touched, 
no spark can be got from it, as both induced electricities 
again unite. The induced polarity of the cover is attended 
with no loss to the charge of the shell-lac, which can thus 
continue to act with the same efficiency. The loss of elec- 
tricity that all charged bodies experience in air, and especially 
when moist, at length discharges the cake, but this takes 
place all the less readily, that when the electricity is not 
needed to act on the cover, it is kept bound by the -h E 
induced by it in the mould. .In order that the + E of the 
mould should have liberty, so to speak, to come and go, the 
electrophorus must not be insulated ; and when it is so, the 
action on the cover is feeble, if at all perceptible. 



▲TMOSFHEBIC ELECTBICITT. 97 



Atmospheric Electricity. 

63. Lightning (Fr. Eclair, Ger. Blitz), — Franklin was the first 
to establish the identity of the lightning of the heavens with 
the electric spark. By his famous kite experiment, he ascer- 
tained that the thxmder-cloud assumes an electric condition 
precisely similar to that of the conductor of an electric 
machine, and that the same mechanical and luminous effects 
are common, though in a different degree to both. Clouds 
charged with electricity are called thunder-clouds, and are 
easily known by their peculiarly dark and dense appearance. 
The height of thunder-clouds is very various : sometimes they 
have been seen as high as 25,700 feet, and a thunder^oud is 
recorded whose height was only 89 feet above the ground. 
According to Arago, there are three kinds of lightning, which 
he names lightning of the first, second, and third classes. 
Lightning of the first class is familiarly known as forked- 
lightning (Fr. iclair en zig-zag). It appears as a broken line 
of light, dense, thin, and well defined at the edges. Occa- 
sionaUy when darting between the clouds and the earth, it 
breaks up near the latter into two or three forks, and is then 
called bifurcate or trifurcate. The terminations of these 
branches are sometimes several thousand feet from each other. 
On several occasions, the length of forked-lightning has been 
tried to be got at trigonometrically, and the result gave a 
length of several miles. Lightning of the second class is what 
is commonly called sheet-lightning (Ger. Flachenblitz). It has 
no definite form, but seems to be a great mass of light. It 
has not the intensity of lightning of the first class. Some- 
times it is tinged decidedly red, at other times, blue or violet. 
When it occurs behind a cloud, it lights up its outline only. 
Occasionally, it illumines the world of clouds, and appears 
to come forth from the heart of them. Sheet-lightning is 
very much more frequent than forked-lightning. Lightning 
of the third kind is called ball-lightning (Fr. globes de feu, 
Ger. Kugelhlitz), This so-called lightning describes, perhaj^<^ 
more a meteor, which, on rare occasvoioa, wiRwas^sckS®* ^^^:5q5ns:. 

Q 
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discliaige, or lightning proper, than a phenomenon in itself* 
electric. It is said to occur in this way: After a violent 
explosion of lightning, a ball is seen to proceed from the 
region of the explosion, and to make its way to the earth in 
a cnryed line like a homb. When it reaches the ground, it 
either splits up at (mce, and disappears, or it rebounds like an 
elastic ball several times before doiAg so. It is described as 
bemg very dangerouB, readUy setting fire to the bnUding on 
which it alights ; and a lightning-conductor is no protection 
against it. Ball-lightning lasts for several seconds, and, in 
this respect, diflfers very widely from lightning of the first and 
second classes, which are, in the strictest sense, momentary. 

The thunder (Fr. tannerre, Qer. Downer) which accompanies 
lightning, as well as the snap attending the electric d|park, has 
not yet been satisfactorily accounted for. Both, no doubt, 
arise from a commotion of the air brought about by the 
passage of electricity ; but it is difficult to understand how 
it takes place. Suppose this dif&culty cleared, there still 
remains the prolonged rolling of the thunder, and its strange 
rising and falling to account for. The echoes sent between 
the clouds and the earth, or between objects on the earth's 
surfjEUse, may explain this to some extent, but not fully. A 
person in the immediate neighbourhood of a flash of light- 
ning hears only one sharp report, which is peculiarly sharp 
when an object is struck by it A person at a distance hears 
the same report as a prolonged 'pesl, and persons in different 
situations hear it eadi in a different way. This maybe so 
fEur explained. The path of the lightning may be reckoned 
at one or two miles in length, and each point of the path is 
the origin of a separate sound. Suppose, for the sake of 
simplicity, that the path is a straight line, a person at the 
extremity of this line must hear a prolonged report; for 
though the sound originating at each point of the path is 
produced at the same instant, it is some time before the sound 
coming from the more distant points of the line reaches the 
ear. A person near the middle of the line hears the whole 
less prolonged, because he is more equidistant &om the differ- 
est parts of it Each listener in this way hears a different 
jfeaJf accoiding to ih& position he staada in with reference to 
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the line. On tliis supposition, however, thunder ought to 
begin at its loudest, and gradually die away, because the 
sound comes first from the nearest points, and then from 
points more and more distant Such, however, it Is well 
known, is not the case. Distant thunder at the beginning is 
just audible, and no more ; then it gradually swells into a 
crashing sound, and again grows fainter, till it ceases. The 
lise and fall are not continuous, for the whole peal appears 
to be made up of several successive peals, which rise and fall 
as the whole. Some have attempted to account for this 
modulation from the forked form of the lightning, which 
makes so many different centres of sound, at different angles 
with each other, the waves coming from which interfere with 
each other, at one time moving in opposite directions, and 
obliterating the sound, at another in the same way, and then 
strengthening the sound, produced by each. Thunder has 
never been heard more than 14 miles from the flash. The 
report of artillery has been heard at much greater distances. 
It is said that the cannonading at the battle of Waterloo was 
heard at the town of Creil, in the north of France, about 115 
miles from the field. 

54 Ordinary Weather, — The attention that was first directed 
by Franklin's discovery to the atmospheric electricity, as dis- 
played in the thunderndoud, has since then been extended to 
the electrical condition of the air in all the different states of 
the weather. It is now found that the air is sensibly elec* 
trical not only when the sky is overcast with thimder^louds, 
but when the weather is cleai^ or when no thunder-clouds are 
present The observations of atmospheric electricity, in the 
latter circumstances, are made by means of very delicate elec- 
troscopes. These instruments are constructed for being used 
either alone in the open air, or in a room, in conjunction with 
an apparatus on the roof of the house for collecting the elec- 
tricity. The following are some of the results derived from 
these observations: When the sky is clear and free from 
clouds, the atmospheric electricity is always positive, and an 
electroscope exposed to the action of the air is charged with 
H-R On the other hand the electricity of the ^ovMa^^a. 
found to be — • This was shewii Vsi «kN«^ xQ!^ljsss^<3Sia.^«^"^ 
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Volta, who, by catching the fine spray of a fountain on the 
plate of a straw electroscope, found the straws to diverge with 
the — E communicated to them by the water, which was 
necessarily of the same character as that of the ground. It 
is from this fact that electroscopes, or the -collecting apparatus 
connected with them, must not be overtopped by the neigh- 
bouring trees or buildings, the — E of which materially 
affects the indications given, and it is due to the same fact 
that no atmospheric electricity is discovered in the middle of 
a wood, or in a room, however high the ceiling. Under a 
clear sky, the tension of the atmospheric electricity is found 
to increase as we ascend, the lower aerial strata being less 
electrical than the higher. Becquerel proved this by a simple 
experiment on the plateau of Mount St Bernard. On a piece 
of oiled silk he placed a silk thread, covered with tinsel, one 
end of which, terminated by a ring, was connected with the 
rod of a straw electroscope, and the other end was tied to an 
arrow armed with a metal point. When the arrow was shot 
horizontally, the straws shewed no divergence ; but when the 
arrow was shot upwards, they opened as it ascended, and 
diverged most when the arrow, in ascending, disengaged the 
ring from the rod of the electroscope. The same fact is shewn 
in the following way : When a very delicate electroscope is 
adjusted for any particular position, it will, when elevated a 
few feet above that position, give indication of + E, and when 
placed a few feet below, it will be charged negatively. ' In clear 
weather, likewise, the atmospheric electricity is found to be 
subject to certain daily periodipal variations, and appears to 
have two maxima and two minima in the course of twenty- 
four hours. The first maximuni takes place a short time after 
sunrise, and the second shortly after sunset ; the first minimum 
shortly before sunrise, and the second in the afternoon, when 
the heat of the day is greatest. The cause of these periodical 
changes is attributed to the formation and condensation of 
watery vapour in the atmosphere ; shortly after sunrise, a vast 
quantity of vapour rises into the lower stratum of the air, and 
acting as a conductor, transmits the electricity of the higher 
stTata towards the surface of the earth, giving rise to the first 
maximum. As the heat of the day incxeaaea^ the air becomes 



ATMOSPHERIC ELECTRICITT. 101 

less and less moist, and loses, in consequence, its conducting 
power, so that when the atmosphere is hottest and driest, the 
afternoon minimum takes place. After sunset, a rapid con- 
densation occurs, and the lower strata are once more charged 
with moisture, which causes a second maximum at the begin- 
ning of night. Before sunrise, the deposition of dew becomes 
greatest, so that the + E of the lower strata is transmitted 
to the soil, causing a minimum at that time. It seems to 
hold generally that anything which tends to increase the 
conducting power of the lower strata, such as watery- 
vapour in a visible form, increases at the same time the 
atmospheric electricity, and hence it is that in time of mist 
the electrical tension is higher than in clear weather. It may 
also be attributed to the same fact that the atmospheric elec- 
tricity is greatest in January, and least in June, the former 
month being cold and misty, and the latter warm and clear. 
In cloudy weather, the electroscope is affected sometimes posi- 
tively, sometimes negatively, and is generally less influenced 
than in clear weather. The electricity of rain, snow, hail, &c., 
is sometimes positive, sometimes negative. In Stuttgart, for 
instance, it was found in the course of a year that the rain 
was 71 times positive to 69 times negative, and the snow 24 
times positive to 6 times negative. 

The cause of atmospheric electricity has given rise to much 
discussion among meteorologists, and as yet no theory has 
been proposed which satisfactorily accounts for it According 
to Pouillef s theory, the electricity developed in evaporation 
and vegetation is a sufficient cause for the + E of the 
air; the vapours and gases evolved in these processes 
being charged positively, the soil and plants, on the other 
hand, negatively. This opinion ia combated by more recent 
observers, such as Biess and Reich, who, after a series of 
careful experiments, give it as their opinion that if such be 
the cause of atmospheric electricity, the fact is wholly without 
experimental data. Lamont maintains that the air itself is 
not electrical, and is not capable either of conducting or of 
retaining electricity, and that the phenomenon of atmospheric 
electricity is due to the induction arising from the — E q€ 
the earth, which he considers to \>^ ^Tms£CL<SD^>« 
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55. Ijightning-Conductors (Fr. paraionnerre, Ger. Blibzah- 
hUer), — ^The principle of the lightning-condactor is, that 
electricity, of two conductiiig passages^ -selects the better ; and 
that when it has got a sufficient conducting passage, it is 
disarmed of all destructive energy. If a person holds his 
hand near the prime conductor of a powerful electric machine 
in action, he receives long forked stinging sparks, each of 
which causes a very sensible convulsion in his frame. But 
if he holds in his hand a ball connected with the ground hy a 
wire or chain, the above sensation is scarcely, if at all, felt, as 
each spark occurs, for the electricity, now having the ball and 
wire passage to the ground, prefers it to the less conducting 
body. If, instead of a ball, a pointed rod were used, no 
sparks would pass, and no sensation whatever would be felt. 
The point silently discharges the prime conductor, and does 
not allow the electricity to accumulate in it so as to produce 
a spark ; and the quantity passing at a time, even supposing 
the rod disconnected with the ground, is not sufficient to 
affect the nerves. If, for the prime conductor of the machine, 
we substitute the thunder-clouds ; for the body, a building ; 
for the convulsive sensation, as the evidence of electric power, 
heating and other destructive effects ; for the ball, or rod, 
and wire, the lightning-conductor, we have the same condi- 
tions exhibited on a larger natural scale. It is easier, however, 
to protect a building &om the attacks of lightning than the 
body from the electric spark, as the rod in the one case is a 
much better conductor, compared with the l)uilding, than it 
is compared with the body, and in consequence more easily 
diverts the electricity into it. 

The lightning-conductor consists of three parts : the rod, or 
part overtopping the building ; the conductor, or part con- 
necting the rod with the ground ; and the part in the ground. 
The rod is made of a pyramidal or conical form (the latter 
being preferable), &om 8 to 30 feet in height, securely fixed to 
the roof or highest part of the building. Gay-Lnssac proposes 
that this rod should consist, for the greater part of its length 
below, of iron ; that it should then be surmounted by a short 
ahaip cone of brass ; and that it should finally end in a fine 
platinum needle; the whole being riyeted oi Boldered together, 
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80 as to render perfect the conducting connection of the parts. 
The difficulty of constructing such a rod has led generally to 
the adoption of simple rods of iron or copper, whose points 
are gilt, to keep them from becoming blunt by oxidation. It 
is of the utmost importance that the upper extremity of the 
rod should end in a sharp point, because the sharper the 
point the more is the electrical action of the conductor limited 
to the point, and diverted from the rest of the conductor. 
There is thus less danger of the electricity sparking from the 
conductor at the side of the building into the building itseK. 
"Were the quantity of the electricity of the clouds not so 
enormous, the pointed rod would prevent a lightning-discharge 
altogether ; but even as it is, the violence of the lightnings 
discharge is considerably lessened by the silent discharging- 
power of the point previously taking place. According to 
Eisenlohr, a conical rod, 8 feet in height, ought to have a 
diameter at its base of 13.3 lines, and one of 30 feet a diameter 
of 26.6 lines. 

The part of the lightning-conductor forming the connection 
between the rod and the ground, is generally a prismatic or 
cylindrical rod of iron (the latter being preferable), or a strap 
of copper ; sometimes a rope of iron or copper wire is used. 
Iron wire improves as a conductor when electric currents 
pass through it; copper wire, in the same circumstances, 
becomes brittle. An iron rope is much better, therefore, for 
conducting than a copper one. Galvanised iron is, of all 
materials, the best for conductors. The conducting-rod ought 
to be properly connected with the conical rod either by 
riveting or soldering or both. Here, as at every point of 
juncture, the utmost care must be taken that tliere is no 
break in the conduction. The conductiag-rod is led along 
the roof, and down the outside of the walls, and is kept in its 
position by holdfasts fixed in the building. There must be 
no sharp turns in it, but each bend must be made as round as 
possible. Considerable discussion has arisen as to the proper 
thickness for the conducting-rod. If it were too small, it 
would only conduct part of the electricity, and leave the 
building to conduct the rest, and it might be melted by the 
electricity endeavouring to ioice a ^^dsaaj^*^ ^2ficc^'v>sig!2LS&i> ^sfe. vs^ 
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insufficient conductor. The Paris Commission, which sat in 
1823, gave the minimum section of an iron conductor as » 
square of 15 millimetres (about fths of an inch) in side, and 
this they considered quite sufficient in all circumstances. A. 
rod of copper would need to be only |^ths of this, as copper 
conducts electricity about six times more readily than iron. 
This calculation is very generally followed in practice. In 
leading the conductor along the building, it should be kept 
as much apart as possible from masses of conducting matter 
about the building, such as iron beams, machinery, &c. These 
may form a broken chaLa of conductors communicating with 
the ground, and divert a portion of the electricity from the 
lightning-conductor. If such took place, then at each inter- 
ruption electricity would pass in a visible and dangerous way, 
and the efficacy of the conductor would be lost. If the con- 
ductor cannot be properly insulated from these masses of 
metal, the necessary security is got by putting them in con- 
nection with the conductor, so as to form a part of it. Water- 
runs, leaden roofs, and the like, must, for this reason, all be 
placed in conducting connection with the conductor. 

The portion of the lightning-conductor which is placed on 
the ground is no less worthy of attrition than the other two. 
Should the lower part of the conductor end in dry earth, it is 
worse than useless, for when the lightning, attracted by the 
prominence and point of the upper rod, strikes it, it finds, in 
all likelihood, no passage through the unconducting dry earth, 
and, in consequence, strikes oflf to a part of the groimd where 
it may easily disperse itself and be lost. Wherever it is prac- 
ticable, a lightning-conductor should end in a well or large 
body of water. Water is a good conductor, and having 
various ramifications in the soil, offers the best facility to the 
electricity to become dispersed and harmless in the ground. 
The rod, on reaching the ground, should be led down a foot 
and a hal^ or two feet, into the soil, and then turned away at 
right angles to the wall from the building in a horizontal 
drain fiUed with charcoal, for about from 12 to 16 feet, and 
then turned into the well so far that its termination is little 
likely to be left dry. Where a well cannot be made, a hole 
6 inches wide (wider if possible) should b^ bored, from 9 to 
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16 feet, the rod placed in the middle of it, and the intervening 
space closely packed with freshly-heated charcoal. The char-r 
coal serves the double purpose of keeping the iron from 
rusting, and of leading away the electricity from the rod into 
the ground. 

Lightning-conductors, when constructed with care, have 
"been proved beyond a doubt to be a sufficient protection from 
the ravages of lightning. The circle within which a light- 
ning-conductor is found to be efficacious, is very limited. Its 
radius is generally assumed to be twice the height of the rod. 
On large buildings, it is therefore necessary to have several 
rods, one on each prominent part of the building, all being 
connected so as to form one conducting system. In ships, a 
rod is placed on every mast, and their connection with the 
sea is established by strips of copper inlaid in the masts, and 
attached below to the metal of or about the keeL 



Chronology of Frictional Electricity. 

56. Thales, about 600 B.C., refers in his writings to the fact 
that amber, when rubbed, attracts light and diy bodies. This 
was the only electric feet known to the ancients. The science 
of electricity dates properly from the year 1600 A.D., when 
Gilbert of Colchester published his celebrated treatise (23), in 
which he gives a list of substances which he found to pos- 
sess the same property as amber, and speculates on magnetic 
and electric forces. He is the inventor of the word electri- 
city, which he derived from the Greek word electron, amber. 
Otto von Guericke, burgomaster of Magdeburg, in his work . 
Expervmenta Nova Magdehurdica (1672), describes, among his 
other inventions, the first electric machine ever made, which 
consisted of a globe of sulphur turned by a handle, and rubbed 
by a cloth pressed against it by the hand. Hawksbee (1709) 
constructed a machine in which a glass cylinder, rubbed by 
the dry hand, replaced Guericke's sulphur globe. Grey and 
Wehler (1729) were the first to transmit electricity fsaas.^-wi. 
point to another, and to distm^oa^ \i^^<w^ Yo^a <:«^iSi»s5«sc^ 
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and non-conductors. Dufay (1733 — 1745) shewed the identity 
of electrics and non-conductors, and of non-electrics and 
conductors, and was the first to discover the two kinds of 
electricity, and the fundamental principle which regulates 
their action. Between the years 1733 and 1744, much atten- 
tion was given in G^ermany to the construction of electric 
machines. Up to this time, notwithstanding the inventions 
of Guericke and Hawksbee, the glass tube rubbed by a piece 
of cloth which Gilbert first introduced, was used in all experi- 
ments. Boze, a professor at Wittenberg, taking the hint from 
Hawksbee's machine, employed a globe of glass for his machine, 
and famished it with a prime conductor. Winkler, a pro- 
fessor at Leipsic, was the first to use a fixed cushion in the 
machine. The Leyden jar was (1746) discovered accidentally 
at Leyden by Muschenbroek ; but the honour of the discovery 
has been contested also in favour of Cuneus, a rich burgess of 
that town, and Elleist, canon of the cathedral of Camin, in 
Fomerania. Franklin (1747) shewed the electric conditions of 
the Leyden jar, and (1752) proved the identity of lightning 
and electricity by his fiunous kite experiment. This last was 
performed with the same object about the same time, and 
quite independently, by Bomas of the town of Nerac, in 
France. In 1760, Franklin made the first lightning-conductor. 
Canton, Wilke, and iElpinus (1753 — 1759), examined the 
nature of induction. Bamsden (1768) was the first to con- 
struct a plate-machine, and Nairn (1780) a two fluid cylinder- 
machine. The electrophorus was invented by Volta in 1775, 
and the condenser by the same electrician in 1782. In 1787, 
Coulomb, by means of his torsion-balance^ investigated the 
laws of electric attraction and repulsion. In 1837, Faraday 
published the first of his researches on induction, j&jcmstrong, 
in 1840, designed his hydro-electric machine. 



GAi;.VANISM. 

' 57. Galvanism, or VoUaic Ekctricity, is that branch of the 
science of electricity which treats of the electric currents 
arising from chemical action, more particularly from that 
attending the dissolution of metals. It is sometimes called 
Dynamical Electricity, because it deals with current electricity, 
or electricity in motion, and is thus distinguished from 
Frictional Electricity, which is called Statical, in consequence 
of its investigating the electric condition of bodies in which 
electricity remains insulated or stationary. These terms, 
although in the main thus properly applied, are in all strict- 
ness applicable to both sciences. Frictional electricity, though 
small in quantity, can pass in a sensible current, and galvanic 
electricity, though small in tension, can be made to manifest 
the attractions and repulsions of statical electricity. Thus 
the series of dischaiges which are transmitted in a wire con- 
necting the prime conductor of a machine in action with the 
ground, or negative conductor, possesses, though feebly, the 
characteristics of a galvanic cozrait ; s&d Uie insulated poles 
of a many-ceUed galvanic battery, manifest before the current 
b^ins the electric tension of the Mction machine. The other 
sources of current electricity will be treated under Magneto- 
electricity and Thermo-electricity. 



Action of Galvanic Fair^ or Single Cell. 

58. Gctlvanic or VoUaic Paw*.— When two plates of copper 
and amalgamated zinc (zinc whose surface has been rubbed 
over with mercury) are placed in a vessel (fig. 61) containing 
water to which a small quantity of sulphuric acid has been 
added, so long as they are kept from touching, either within, 
or without the liquid, they lemam aY^^^i^ ^£s^ss&^?;^^-> '^^ 
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however, tiiey be made to toiicli, bubbles of hydrogen gas an 
formed in abundance at the copper plate, and their formation 
continues until the platea are again aeparated. If the contact 
be maintained foi some time, and the plates and liquid be 
afterwards eiarained, it is found that the copper plate weighs 




exactly the same as before, that the zinc plate haa lost in 
weight, and that the liquid contains the lost zinc in Bolution 
in the form of the sulphate of that metal. The contact need 
not he affected by the plates themselves. If wires of copper, 
or any other conductor of electricity', be soldered to the plates, 
or fixed to them bj binding screws, and be made t^ touch, the 
changes just mentioned take place as if the plates weK in con- 
tact When the wires are thus joined, and, so to speak, form 
one connecting wire between the plates, they exhibit very 
peculiar ptoperticB. If a portion of the connecting wire be 
placed parallel to a magnetic needle, and the needle brought 
near, its north end no longer points to the magnetic north, 
but to a point dther to the east or west of it, and this deria- 
i/an ceases mtb the separation of tke wiiea. It ia not even 
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necessary tliat the wires be in contact, for if their ends be put 
into a vessel containing a conducting liquid, the same changes 
occur, though to a diminished extent, the contact being com- 
pleted through the liquid. The ends of the wires, when so 
immersed, shew strong chemical affinities. If the conducting 
liquid were a solution of the sulphate of copper, the wire from 
the zinc becomes coated with the copper of the solution, whilst 
the other attracts its oxygen and sulphuric acid, and wastes 
away in entering into combination ^dth them. Again, if the 
ends of the wires be connected by a small piece of fine platinum 
or iron wire, the passage of th,e current through it will make 
it red hot. The connecting wires are found, therefore, in 
actual or virtual combination, to possess very marked magnetic, 
chemical, and heating properties. The arrangement just 
described constitutes a galvanic or volta/ic pair, which genei^y 
consists of two dissimilar conducting plates immersed in a liquid 
which acts chemically on one of them, when the plates are put in 
conductin>g connection; and the properties just referred to^ 
form the characteristic powers of current electricity. 

59. Effects of the Gahanic Pair due to Electricity in Current, 
— ^These properties arise from the wires in connection being 
the seat of a constant discharge or flow of electricity, for they 
are possessed, though to a very feeble extent, by the electricity 
of the friction electric machine. If the prime conductor of a 
powerful electric machine be connected with one of the bind- 
ing screws of an insulated galvanometer, and a wire connected 
with the ground, or the negative conductor, be fixed into the 
other, the plate on being turned causes a current of electricity 
to pass from the machine to the ground through the coil 
of the galvanometer, the needle of which will then shew a 
deviation of one or two degrees. The deviation, so far as 
direction is concerned, is the same as that which would be 
produced by placing the wires coming from the copper and 
zinc respectively in the same binding screws as those con- 
nected with the machine and the ground. This would 
indicate that the copper plate stands electrically in the same 
relation to the zinc plate as the prime conductor of the 
machine to the ground. The electricity of the conductor is 
positive^ and that of the groimd. \i7 m'^\xa>asycL TiWigiSQiN^\^Rk 
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that in the galvanic pair the copper plate, hy analogy, 
gives off + Ey and the zinc plate — . Again, let the ^vire 
from the machine end in an insulated vessel containing a 
solution of the sulphate of copper, and let the end of a fine 
platinum unre connected with the ground be made to dip 
below the snr&ce of the solution, and let the machine be 
kept in action so as to send a current of electricity througb 
the wires and liquid, at the end of some minutes the point of 
the platinum wire will be covered with a minute quantity of 
copper. The wire connected with the zinc in the galvanic 
pair, and that connected with the ground, ai^ thus shewn to 
display the same chemical power ; and this, agaiu, shews us 
that the zinc plate, like the ground in the above ezpeiiment, 
is the seat of — R The electric condition of the plates before 
contact reveals, with the aid of the condenser, the presence of 
+ E in the copper plate and — in the zinc plate. If the 
wire joined to the zinc pkte be connected with the ground, 
and the insulated wire connected with the copper be made 
to touch the lower plate of a condenser whilst the finger 
touches the upper, on the finger being first withdrawn, then 
the wire and the upper plate lifted up from the lower, the 
leaves of the electroscope diverge with the + E sent to it from 
the copper plate. 

It can be shewn, moreover, that the current is not confined 
to the connecting wire, for if a magnetic needle be suspended 
between the plates when they lie north and south, slightly 
above the surface of the liquid, it will deviate from its usual 
position when the wires are joined, and in the opposite way to 
that which it shews when held above the wire placed in the 
same direction. The current thus passes within the liquid 
from the zinc Nto the copper the opposite way to that in which 
it runs in the connecting wires, so that it makes a complete 
circuit Hence we may conclude, generally, that in the 
gcUvamc pair a current of electricity rum within the Uquidfrom 
the cherrUcaUy active to the chemically pamve plate, and without 
the Uqwidffrom the chffmkdlVy paeawe to the chemically active 
plate, making a complete circuit; and that if the conducting 
eannectioii be interrupted, the pair shews electric polarity at 
tbe interruption, the ehemicaXLy passive plate being tke poeiUve 
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poU, and th* chanieaUy aelivt plale &e tugatiw polt. With 
leepect to &e Hquidf luiwerer, tht dumtetd aetive plate m fkt 
foiitwx poU, and tht AtvwaUy paitivi the Ttegalivs pole. 

60. The galvamc pair in actioii ezhibita a complete electric 
drcb or chain, and constitntea what ia called a galTsnic or 
Toltftic eircuti (Qer. gahxmiidM Ketle). When the ciicmt in* 
clndea only one pair oi cell, it is called a simpU gahxmK eiratit, 
-whsa seveial joined together alternately, a eomptmnti galvamo 
dreaU. The compound circoit will be treated under galranie 
hatteiy. Wlien the metallic connection between the plates ia 
camplete, and the CQV«nt floiva or circniatea, tka circiut ia 
said to be chied (Fr. ferml, Gei. geeehlotim) ; when incomplete, 
and the cnnent stopa, cperud or inttrrupted (Fr. mUnvmpv, 
Qer. geitffnet). 

6L Oireuii imih two liquid* and me rarfu/. — We have other 
wajs of prodndng a simple galvanic ciicmt than by the 
employment of two metals and one liqoid as in the galvanio 
pail. Two liquids and one metal can also produce a circuit. 
One of the best known arrangements of this kind ia BecquereFs 
■o-called oxygen batteiy {piU A oxygint), in which a cnnent ia 
produced hj the action of eanatic 
potaah on nitric acid— platinum, 
a metal acted upon by neither, 
forming the conducting arc. The 
cell, %. 62, ahewa its mode c^ 
action. A small cell, A, of porona 
earUienware is suspended by a 
wire triangle within a glass jar, 
SB. The porons cell contains a 
(olntion of caustic potoah, and 
the glass jar concentrated nitric 
acid. A plate of platinum, P, ia 
pid into each veasel, to which Kg. a. 

the wires of a galvanometer ate 

attached. The potash and nitric add act on each other in 
the walls of the porons cell, forming saltpetre, and produce 
a current lasting steadily for days, which flows from the 
potaah to the nitric add, and from the plate in the nitrifi 
acid through the wires to tbat in. ftift '£(A»d:u Cy^'gsa.N^ 
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given off at the potash plate. The nitric acid plate is 
the +, and the potash plate the — pole. A similar result 
takes place in many cases when the other soluble bases are 
substituted for potash, and another acid for nitric acid, the 
current observing the same direction, though differing in 
intensity. Matteucci substituted penta-sulphide of potassium 
for caustic potash in the inner cell, and put either nitric acid 
or chromic acid in the outer, and thereby produced a much 
stronger current than in BecquereFs arrangement. 

In the preceding circuit, the metal conductor suffers no 
change, and seems to take no part in the action other than 
acting as conductor. In other circuits with two liquids and 
one metal, the metal takes an active part. A circuit of this 
kind may be formed by putting a solution of chloride of 
sodium (common salt) in the inner cell, and one of chloride of 
copper in the outer cell, in place of potash and nitric acid, and 
bending a strip of copper so as to dip into both. A weak but 
steady current flows in the same direction as before, attended 
by the corrosion of the end of the strip immersed in the solu- 
tion of chloride of sodium, and a deposition of crystals of 
copper on the end dipping into the chloride of copper. In 
the former case the action appears to arise from the affinity of 
the base for the acid, and in the present case from the affinity 
of the copper for the chlorine of the common salt. Other 
circuits may be mentioned, such as the circuit consisting of 
two metals and two liquids, and also that of two gases, a metal 
and a liquid. The former of these, which is essentially the 
same as that of two metals and one liquid, and the latter, 
which is known as the gas-battery, will be described under the 
various forms of the galvanic battery. 

62. The theory of the action of the galvanic pair may be thus 
given. When the two plates are put into the water and 
sulphuric acid they assume opposite electric states. There 
is developed at the surface of the zinc an electric force, 
arising from its affinity for the oxygen of the water, 
which throws the whole arrangement into a state of 
polarity. This is roughly shewn in fig. 63. The zinc 
plate with its wire becomes polarised, shewing — E at 
^e extremity furthest from the Uquid, and + E at 
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the extremity next the liquid. The copper plate with 
its wire is polarised in the opposite way, being + at its 
outer end, and — at its end next the liquid. The compound 




Fig. 63. 

molecules of water (HjO), consisting of one atom of oxygen (0) 
and two of hydrogen (H2) so united as to play the part of one 
atom or molecule (shewn by H in the figure). It appears, 
moreover, to have reference to their compound nature, and we 
may imagine thom placed in series such as the one in the 
figure, with their oxygen or — pole towards the zinc, and 
their hydrogen or -I- pole towards the copper. The + parts 
are distinguished from the — parts in the figure by being 
shaded. When the ends of the wires are brought near each 
other, we might anticipate in these circumstances that a 
spark discharge, as with factional electricity, would restore 
quiescence. This, however, is not the case, for the electric 
tension is so low that nothing short of contact can effect a dis- 
charge. When the discharge thus takes place, the polarity of 
the circuit for the instant ceases ; the tendency to union of the 
zinc with the atom of oxygen next it is completed by the 
formation of the oxide of zinc. But in order to accomplish 
this, the hydrogen of the molecule of water next the zinc thus 
set free unites with the oxygen of the neighbouring molecule 
to re-form water, and the earns ttans&aeaRfc ^sA. 'vss£tfs^'"^s* 
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continued along the whole series until the hydrogen of the 
molecule next the copper is thrown on the copper, where, 
being unable to unite chemically with it, it assumes its natural 
gaseous state. In this way the chemical action, although only 
manifested at the plates, is not confined to them, but takes 
place throughout the liquid between all the contiguous mole- 
cules giving paange to the current. The oxide of zinc formed 
on the zinc pkte' is instantly dissolved by the sulphuric acid 
present in the water, leaving the plate as clean as before. 
After the fint discharge, therefore, the whole arrangement 
resumes its fSzst condition, so that a second polarisation and 
discharge instantly follows, which is succeeded by a third, and 
80 on. An iminterrupted series of dischargen^ following each 
other with inconceiT»ble npkiity, k thus tranamitted along the 
completed circuit, constituting what is termed a current of 
electricity. 

For the sake of simplicity, we have here looked upon the 
water as the active chemical agent in the ^Ivanic pair. Pure 
water, no doubt, does produce a current when so placed, but of 
excessively feeble intensity. It is only when sulphuric acid 
is added that the current acquires anything Hke strength* 
Hence it is thought more probable that it is the sulphuric 
add which gives rise to the action, and that the water serves 
to dissolve the sulphate of zinc formed on the zinc plate, both 
water and sulphuric acid being necessary to steady action. 
According to this view, we best understand the action of 
sulphuric add by considering the mono-hydiated acid^ 
HjiOySOs, to be H2SO4, composed of a two-atom molecule of 
hydrogen and a molecule of sulphion, SO4, consisting of 
one atom of sulphur and four of oxygen. !1^ the preceding 
diagram, we have only to suppose the simple molecule 
madded to be a compotmd molecule, SO4, and we have an 
equally simj^e and more probable view of the action of the 
pair. We may express these views also conveniently by 
equations lepresenting each molecule by its chemical symboL 
According to the first, befor e disc harge they would be thus 
anan ged, Zn, OHg O H2 OHg OHg, Cu ; after discharge, thus^ 
^O !E^0 HjO HP HjjCu ;*the strokes above shewing how 
tbeyaie mdted in each case. Accofiding to ths oecond view, 
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before discharg e, Zn, S04,H2 SO^,^^ S04,H2 S04,H2, Cu ; 
after discharge, Zn,S04 B^^SO^ HjjjSO^ H2,S04 HgjCu. 

63. Homogeneity of the Circmt — In a wire where a current 
of electricity is circulating, there is no point which forms, as 
in frictional electricity, the seat of -|- or — E, but it appears 
electrically homogeneous throughout It exerts no statical 
inductive action on surrounding objects ; that is, it has no 
power, like insulated electricity, to attract and repel light 
objects. The wire in which the current is passing may be 
handled^ and it feels in no way different when the current is 
passing and when it is not. The absence of statical induction, 
however, depends solely on the facility which the wire offers 
to the passage of the electric force as compared with sur- 
rounding media, as is shewn by the leaping across of the 
frictional electricity at the bend of the wire mentioned in 
article 34, fig. 38. Galvanic electricity, even from a large bat- 
tery, however, can seldom do this, and except in long telegraphic 
circuits, where the resistance is very great, docilely follows its 
metallic passage, to it by far the easiest But even in the 
divided circuit of ^g. 38, if the force passing through the air 
and the long wire be added together, it will be found exactly 
equal in amount to that passing in the wires before the 
branching takes place. Betuming to the simple galvanic 
circuit, we find that it exhibits the same amount of force at 
every point Its magnetic, chemical, and heating effects are 
the same wherever it is tested, whether in the wire or, where 
possible, in the liquid. Its power to deflect the magnetic 
needle is throughout the same. If interruptions be' made in 
the interpolar wire at several points so as to send the current 
through solutions, say of sulphate of copper, the amount of 
copper deposited at each oi the breaks is exactly equal in 
amount And if we connect the several breaks by pieces of 
thin platinum wire, each piece of platinimi wire will be 
raised to the same temperature. 

64. Polarity of Hie Oircuit, — ^Any portion of the circuit, 
separately considered, has a different pole at each end. When 
one interruption is made, as in fig. 63, the whole, fi:om the 
extremity of the wire connected with the copper, round ta 
that of the wire joined to the zinG, "msKj \>^ \q^^ \s^sa. -w^ 
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one. It may be shewn by the condensing electroscope (51) 
that each extremity has an opposite electricity. If we break 
away any potion of either wire so as to have two breaks 
instead of one, the piece of wire broken away is out of the 
circuit altogether. However, by dipping the ends of the 
wires at each interruption into a liquid that is decomposed 

under the current, we have the means 
of making two such interruptions 
1^ without destroying the conducting 
\ connection or stopping the current. 
13 Fig. 64 shews how this may be done 
A and B are two vessels filled with a 
solution of sulphate of copper (Cu,S04). 
The end of the copper wire soldered 
to the zinc-plate Z of the galvanic 
Fig. 64. V^^ ^2 dips into A, that from the 

copper-plate C dips into B, and the 
ends of the wire broken off dip the one into A and the other 
into B. The circuit is thus closed- In it we have three 
metallic parts marked 1, 2, and 3. The part 1, which is 
made up of the zinc-plate and copper-wire, is corroded at the 
end marked + in the liquid of the galvanic pair, and receives 
a deposit of copper at the end marked — . The part 2 wastes 
away at the -I- end in A, but receives a deposit of copper at 
the — end in B ; and the part 3 is likewise corroded at the -|- 
end in B, and receives, so to speak, a deposit of hydrogen at 
the — end in the liquid of the pair. Each part undergoes 
opposite operations at each end. We know (59) that the wire 
from the zinc is — , that from the copper + ; and as we thus 
know the sign of two opposite poles, the others follow of 
course. Each -I- pole is here eaten away, and each — pole 
receives a deposit of copper. Each metallic portion of the 
circuit has a -f- pole at the one end and a — pole at the other. 
The polarity of the current we should not expect to be the 
same as the polarity of insulated frictional electricity, for 
the latter is that tending to discharge, whereas the former is 
that attending discharge; the one is, so to speak, statical, 
the other dynamical. Yet, in the case of galvanic polarity, 
we may trace the existence of something analogous to the 
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attraction and repulsion characteristic of statical polarity* 
Sulphuric acid, as already stated (62), is made up of a 
two-atom molecule of hydrogen (Hg), and a molecule of sulphion 
(SO4). Similarly, sulphate of copper (Cu,S04) is composed 
of a molecule of copper (Cu) and one of sulphion (SO4). The 
corrosion of the -I- poles arises in the above circuit to their 
affinity or attraction for SO4. They appear to attract the 
molecule SO4 of the combination CujSO^ and H,S04, and 
reject the Cu and the H. The — poles have these affini- 
ties reversed. If we consider the SO4 to be the — ele- 
ment of the combination, and H and Cu the +, which 
cannot be otherwise, we have like electricities repelling 
and unlike electricities attracting, as in frictional or statical 
electricity. Such being the case, the liquid portions of the- 
circuit, like the solid, are -f at the one end and — at the other,, 
but in the reverse way. The circuit, therefore, is made up 
throughout of -f following — , and — following +. Consider- 
able confusion sometimes arises from speaking of the zinc plate 
as at once the + element and — pole, and the copper the — 
element and -|- pole of the galvanic pair, and such expressions 
seem even inconsistent. The truth is, that the zinc and copper 
plates must have each both poles from the very nature of the- 
circuit ; but as the outer poles only of these plates are of 
practical importance, these are considered to be the poles. 
K we need a mnemonic, the n in zinc, which is almost always 
associated in the pair as the + element, cannot fail to remind . 
us that it is the — pole. 

65. Theoretical Views of the Current. — According to the one- 
fluid theory of electricity, a force is developed at the seat of 
the action, which has the power of liberating the electric fluid, 
and of maintaining it in motion throughout the circuit, con- • 
stituting a current in the true sense of the term. According 
to the two-fluid theory, two such currents, one of the -1- 
the other of the — fluid, are made to move in opposite 
directions throughout the circuit. Neither of these explana- 
tions gives us any assistance in comprehending the current. It 
is more difficult, in fact, to conceive of such currents than to 
accept, without any explanation, the known chss^^^^scv^^sA ^ 
the so-called current. Accoxdmg to ^'e; N\e^^ \a5&Ka. ^^. "^^ 
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propagation of electric force by molecular action (32 and 33), 
we may consider the molecules of the interpolar wire to be as 
shewn in fig. 65, C being the copper end and Z the zinc end, 

the shaded parts being + and 

the unshaded — , The first 

effort of the electric force 

\ developed by the chemical 

/ / \ \ aflftnity of the zinc for the O 

/ / \ \ c or SO4, is to throw all the 

' ' *' ' molecules of the circuit into 

Fig. 65. a polar condition, the force 

being transmitted from mole- 
cule to molecule in both directions. + and — electricities 
appear in each molecule of the circuit ; and if the action be 
powerful enough, discharge takes place throughout the whole, 
each molecule giving out its electricities to those neict it, 
which, throwing out the opposite electricities, produce electric 
quiescence throughout A constant series of such polarisations 
and discharges constitutes a current. There is thus only a 
transmission of force throughout the circuit, but no transmis- 
sion of the + and — electricities. Each molecule, in fact, 
may be looked upon as a small galvanic pair, which, by the 
action of electric force, is made to act and discharge somewhat 
like the galvanic pair, which is the seat of the force. Accord- 
ingly, whatever portion of the circuit without the liquid we 
take, such as that in the figure, we find the face of the terminal 
molecule neict the copper end or pole — , and that of the like 
molecule towards the zinc +. Each portion of the circuit, 
like each molecule of which it is made up, shews opposite 
polarities, and discharges opposite electricities at each end. 
The same holds within the liquid, only the chemical aflBmity 
that gives rise to the current and the mobility of its molecules, 
causes and permits an interchange of molecules, just as if each 
half of the molecules in fig. 65 were at each discharge joined 
to the succeeding one. This interchange is not possible, even 
were there a tendency to it in the solid part of the circuit. 

A current may be taken to signify, apart from all suppo- 
sition^ simply the peculiar electric condition of the conductor, 
tMcA forms the Une of dischoi/rge l)et^Deefll a -V- and a — 



ACTION OF GALVANIG PAIS, OB SINGLE CELL. 119 

source of electricity. In like manner, when we epeak of the 
direction of tlie coirenty we only use a convenient way of 
shewing at which end the + and — electricities arisen the 
current being cUwa^ represerUed as rrumngfrom + to the — . 

66. Origin of Gahardc Electricity, — ^It is now generally 
admitted that the electro-motive force, or force maintaining 
the cnrrent^ in the galvanic pair, is the force of chemical 
affinity acting at the zinc plate. It must appear, even to 
the most cnrsory observer, highly probable that the seat of 
the most active change going forward in the pair is likewise 
the seat of its electric eneigy. It is found, moreover, 
when we tax the galvanic current with electro-chemical or 
dynamical work, that the amount of work done by it is exactiy 
proportionate to the quantity of zinc dissolved. These and 
BiTniUr considerations seem to argue strongly that galvanic 
action has its source in chemical action. Volta, however, and 
several of the most eminent authorities in the science, maintain 
that the electro-motive force has its seat at the surface of 
contact of heterogeneous metals, and that chemical action is not 
the cause, but the manifestation of it. This view of the origin 
of galvanic electricity is called the contact theory, as distin- 
guished from the chemical theory, the one we have hitherto 
followed 

67. Thei Contact Theory supposes that at the surfaces of con- 
tact of two heterogeneous substances an electro-motive force^ 
invariable in direction and amount, is generated, and subject 
to modification only by the resistance offered by the conductiQg 
circuit. The galvanic pair (fig. 61) is accounted for by this 
theory in the following way. Let us suppose, for the sake of 
explanation, that both zinc and copper plates are connected 
by copper wires. The seat of electro-motive force is at the 
junction of the copper tvire with the zinc. At this point the 
two metals assume opposite electricities, the copper the — , 
and the zinc the + ; and siaee a conducting circuit through 
wires, plates, and liquid is established, these electricities 
travel in opposite directions, and, meeting, neutralise each 
other within the liquid, to give place to succeeding similar 
discharges of electricity. The discharge within the liquid 
takes place electrolytically. Tba tlaftar^ \a>, m *viKis^ ^^MiArk 
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sufficient and consistent ; but it must be kept in' mind, that in 
a circuit bo perfectly homogeneous, the source of force may be 
placed anywhere without altering its conditions. The funda- 
mental evidence of the contact theory consists in an experi- 
ment like the following : A piece of zinc is made to touch the 
lower brass or copper plate of a condenser, while the finger 
rests on the upper. After the finger and the zinc are removed, 
and the upper plate lifted, the gold leaves diverge with — E. 
Here the mere contact of metals appears to give rise to elec- 
tricity. The + E of the zinc goes to the ground, and the 
— E of the copper is insulated in it, the electro-motive force 
originating at the surface, where the copper and zinc meet. 
If this experiment were capable only of this interpretation, 
it would be decisive of the question at issue. It is found, 
however, that in order to succeed well with it the fingers 
must be moist, and that no electricity can be obtained if it 
be conducted in a gas where no free oxygen is present — such 
as nitrogen or carbonic acid. Hence it appears, that even 
in the testing experiment of the contact theory, where it is 
supposed that contact alone can give any explanation, chemi- 
cal action, arising from the sweat of the fingers and oxygen 
of the air acting on the zinc, is present 

68. Faraday's experimental researches seem to place beyond 
dispute the truth of the chemical theory. We shall here quote 
two of his many beautiful experiments illustrative of the 
subject, which are of themselves quite convincing. Let 

(fig. 66) A and B be two 
glass vessels contain- 
ing sulphuret of potas- 
sium. Two platinum 
plates, P and P, are 
put into the vessel A, 
and an iron plate F, 
with a platinum plate 
P'' in B. To the 
platinum plate P' a 
platinum wire p, and 
to the iron plate F an 
nvn mre/, are attached. From P and P", mcea proceed to the 




Fig. 66. 
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galvanometer G. The sulphiiret of potassium is, for a liquid, 
a good conductor of electricity, but is chemically inactive 
when associated with platinum and iron in a circuit. When 
the wires p and / are joined, if an electro-motive force were 
developed at their surface of contact, all the conditions neces- 
sary for a circuit being present, a current would be generated, 
which would deflect the needle of the galvanometer. This 
last, however, gives not the slightest evidence of a current. 
If zinc be interposed at the junction of ^ and/, the galvano- 
meter is equally unaffected ; but if a piece of paper moistened 
with sulphuric acid be placed between the ends of these 
wires, a decided deflection ensues, and the iron becomes the 
positive element of a platinum-iron pair. We have thus 
conclusive evidence, that the simple contact of the iron and 
the platinum is tmattended by electro-motive force, and that 
this is developed only by the chemical action upon the iron 
of an interposed liquid. Again, into one of the vessels just 
referred to, let two plates, one of copper, the other of silver, 
be placed, and let communication be established between 
them and the galvanometer. The needle at first deflects 
briskly in a direction which shews that the copper is the 
+ element of the pair, it then gradually returns to its 
first position, and again deflects in the opposite direction^ 
shewing that the silver is now the + element. After 
some time it returns, and again deflects in the original direc- 
tion, and goes on thus chafing. If the plates be examined 
during these changes, it is observed that sulphuret of copper 
is formed when the copper ia -I-, and sulphuret of silver 
when the silver is -|- ; the alternate action being attri- 
butable to the relative condition of the plates when coated 
with their sulphurets. The electro-motive force of a silver 
copper pair is thus shewn to be not invariable in direction as 
the contact theorists maintain; but to change its direction 
with the seat of chemical action. 

69. Chemical conditions of the Galvanic Pair. — ^We have 
hitherto supposed that, in the galvanic pair, the zinc alone 
had afl^ty for the oxygen of the water, but chemistry teaches 
us that copper likewise has the same affinity, though to a lesa 
degree. Hence we must conclude tkia\. VJiaet^ ofvgLSiaXfts* ^ "^^ 
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copper an electro-motiye force actdiig contrary to that of the 
zinc, and that the electro-motive force of the pair is the 
difference of these opposing forces. Were we to take two 
eimilar plates of zinc, instead of one of zinc, and the other 
of copper, we ahould thus have two equal forces tending to 
propel two equal currents in opposite directions. In this case 
the two forces would equilibrate each other, and electrical 
and chemical inaction would be the consequence, a conclusion 
quite in keeping with eiperiment It ther^ore becomes 
necessary to couple the zinc with a metal such as copper, less 
oxidable than itsel£ In keeping with this theory, it is found 
that if the zinc be coupled with a metal less oxidable still 
than copper, the resultant electro-motive force is increased. 
A pair consisting of zinc and silver gives an electricity of 
higher tension, and consequently a more powerful current 
than one of zinc and copper, and one of zinc and platinum a 
stronger current still ; silver being less oxidable than copper, 
and platinum less than silver. The greater, then, the disparity 
in oxidability, or in liability to be affected by the exciting 
liquid of the metals of the pair, the greater is its power. 

70. Eledrihchemicdl Order of the Elements (Ger. on the contact 
theory, SpoTWungsreihe). — In the galvanic cell we find that not 
only the metals, but also the elements, of the liquid assume 
opposite electricities. Within the liquid the zinc is + and 
the copper — , the oxygen + and the hydrogen — . The 
elements Lave been arranged eledaxHshemicsdly approximately 
to the part they play if associated in the galvanic pair. We 
may here give the more common elements thus arranged, 
beginning with the most electro-positive, and ending with the 
least positive or negative — the arrow marking the direction 
of the current within the celL 
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The relative dze of the plates associated in pairs does not 
alier the seat of action, or change tke direction of the 
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current. Suppose from this table we wished to find the 
action of a platinum-iron pair immersed in hydrochlooic 
acid. Iron is + to platinum, and hydrogen + to chlorine. 
Chlorine, the negative element of the liquid, would accord- 
ingly be discharged at the electro-positive iron, and fenouB 
chloride (FeCla) would be formed. The electro-positive 
hydrogen would be disengaged at the electro-negative 
platinum. The interpolar current, consequently, proceeds 
from the platinum to the iron. If, however, no chemical 
aflinity existed between iron and chlorine, no electricity 
would be generated, as chemical is essential to galvanic action. 
From such a list alone we cannot predict the result of any 
proposed combination. The metals themselves, as we have 
already seen, frequently change their relative positions, 
accor^g to the action of the liquid in which they are put, so 
that the order given is by no means absolute. The arrange- 
ment of the metals in the foregoing table is according to their 
action in dilute acids. In different liquids or solutions metals 
frequently alter their mutual relations. Thus, in dilate 
sulphuric acid, silver is — towards lead ; but in a solution of 
cyanide of potassium, + towards it In a solution of common 
salt or potash, iron is +, copper — ; in ammonia, iron is — , 
and copper +. 

71. if^ Negative protected hy the Positive Plate — Local 
Action, — ^The electro-negative plate remains in presence of the 
electro-positive totally unaffected, and more so than if it were 
placed by itself in the exciting liquid. Hydrochloric acid, for 
instance, readily attacks iron ; but if a piece of zinc be put 
into the liquid, and be made to touch it, the iron will remain 
untouched until the zinc has been first dissolved. Wherever, 
therefore, iron is exposed to corrosive action, it may be pro- 
tected froin it by coupling it with zinc. This accounts, in 
some degree, for the durability of iron coated with zinc, or, as 
it is called, ' Galvanised Iron.' In the same way zinc protects 
copper from corrosive action. Davy found in his experiments 
to protect the copper sheathing of i^ps from the action of sefr- 
water, that a plate of zinc protected 150 times its own surfEUse 
of copper, when attached to the copper below wataii* ^ 
sheathing so protected suffered no coTioe\OTL,\yoSj, \q?^» I'st. *^o3& 
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veiy reason its eflBlciency, as marine shell-fisli and vegetables, 
finding it harmless, clung to it, and impeded the motion of the 
ehip. On the other hand, zinc corrodes more readily in 
presence of a metal relatively negative to it, and hence, for 
example, the necessity for using zinc nails for zinc roofs 
instead of iron or copper nails. When pure zinc is put into 
dilute sulphuric acid, almost no change is visible, whilst 
ordinary commercial zinc is rapidly dissolved by it. This 
arises, in all probability, from different portions of the latter 
standing in different electric relations, arising from the 
heterogeneous structure introduced by extraneous substances. 
Galvanic pairs are thus established within the metal, and it 
dissolves in consequence. If the zinc plate of the pair were 
not amalgamated, local action would for this reason take 
place in it, which, as it contributed nothing to the circuit 
current, would produce a useless waste of the metal. When 
the plate is amalgamated, it becomes more 4- than before, 
and only dissolves when the circuit is closed. 

72. Quantity and Tension of the Electricity of a Current — The 
quantity of the electricity passing in a current, or the strength 
of the current (Fr. Intendti, Ger. Stromstdrke), is estimated 
by the power of the current to deflect the magnetic 
needle, by the chemical decomposition it effects, or by the 
temperature to which it raises a wire of given thickness 
and materiaL The strength of the current must not be 
confoimded with the strength of the cell or battery which 
gives rise to it. A battery of 100 cells is undoubtedly a 
stronger electric arrangement than one cell, yet, in certain cir- 
cumstances, the one cell will give rise to as strong a current as 
the 100. The force of the battery, sometimes called the 
tension of the current, is the power which it has to transmit 
a current against resistance such as that offered by a bad, long, 
or thin conductor. Tension, strictly speaking, is not a property 
of the current, but of the battery which generates the current ; 
it is a statical property (36), and is exhibited (59) by the insulated 
poles of the battery. A current of high tension is one which 
is maintained by a battery whose poles exhibit high tension. 
The tension of its poles is a measure of the electro-motive 
farce of the electromotor (i. e., any arrangement such as a cell 
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or battery wliicli generates a current, sometimes also rheo- 
motor). By electro-motive force is understood the power to 
keep electricity in motion, or to maintain a current against 
resistance. The electro-motive force of any cell or battery 
may be measured before the circuit is closed, by connecting 
the zinc wire or — pole with the ground, and the insulated 
copper wire or 4- pole with a condensing electrometer, and 
observing the amount of statical tension — ^L e., attraction or 
repulsion produced. The tension so measured gives the 
power of the arrangement to propagate electricity. When 
the circuit is closed, the electro-motive force is ascertained, 
as already mentioned, by introducing new resistance into the 
circuit, and observing the effect produced on the strength of 
the current. The electro-motive force of the 'pair is proportional 
to the intensity of chemical affinity, or the force tending to 
chemical action, the current strength to the amount of this action 
or quantity of zinc dissolved in a given time, and the resistance 
is that which prevents the former from developing the latter. 
Tension, when high, is also measured by the length of the 
spark. 

73. Greatest current that an electromotor can he made to give. 
— ^The maximum current which any electromotor can give, 
is found by connecting the fK)les by a very good conductor, such 
as a short thick wire of copper, and observing the effect of this 
wire upon a needle. The greater the strength of the current 
is, the greater is the deflection of the needle. Chemical action 
and heating power cannot here be used as tests of strength, 
as, in order to produce these, considerable resistance must be 
placed in the circuit, which materially lessens the strength 
of the current. The maximum current which a galvanic pair 
can give is proportional to its surface. By doubling the size 
of the plates, we double the amount of current, provided, of 
course, the interpolar wire offers little or no resistance. The 
maximum current here spoken of has reference to the cell 
as we find it. It may be possible to improve its internal 
arrangement, but that is here considered fixed. The electro- 
motive force is not affected by the size of the plates, but, as we 
shall afterwards find, by the number of pairs. Suppose, in 
illustration of what has been said, 'Wfe YiaA. \:^c> ^"stos^"^^ ^ 
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zmocopper and the other a zinc-platinum, and that both 
gave the same TvtATiTmim current. If the interpolar connec- 
tion be then made by a long thin wire, the current which 
each gives will fall off, but that of the zinc-copper pair more 
than the other. This would be generally expressed by saying 
that both pairs were of the same quantity, but of different 
tension, the zinc-platinum pair being in that respect the 
stronger. 

74. If an electric current be what we have supposed it ta 
be, a series of molecules, rapidly dischargii^ into each other^ 
we must form the f ollowii^ ideas of its quantity and tension. 
If the series of cylinders shewn in fig. 35 were the medium of 
discharge between an electric machine and the ground, we 
should see sparks occurring at the small intervals between each 
at a certain rate. If the machine by any means were made 
to fiimish twice < as much electridly as at first, the spadi: 
would occur twice as quick. Or if, when the machine was 
giving off a double chaise, we had two series of cylinders instead 
of one, the sparks would follow each other at the same rate as 
at first Two series discharging at a certain rate do the same as 
one series discharging twice as quick. Similarly, any number 
of series would discharge the same amount of electricity as 
one, provided the rapidity of discharge of the latter were 
proportionally greater. A wire may be looked upon as 
several series of molecules placed side by side, and molecules, 
according to our theory, stand to each other much in the seone 
relation as the cylinders just named. Accordingly, we must 
expect that a thin wire can produce as strong a current as a 
thick wire, provided its molecules discharge as much faster 
than those of the thick wire, as the section of the thick wire 
is greater than that of the thin wire. The strei^h of the 
current in this way depends on the number of molecules in 
the section of the wire, and the number of times they discharge 
in a given time. In statical electricity, we found that the 
quantity was got by multiplying the number of molecules or 
surfiEU^ affected, by the tension or force lodged in each. In 
current electricity, we get the quantity much in the same 
way, by multiplying all the molecules in the section of the 
miB hj- Hhe number of times they discharge in a given time* 
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Bapidity o£ dischaxge in the latter is equivalent to tension in 
the former. Whenever, in the former, the electric force conr 
centrates, the tension rises; in the latter, the rapidity of 
discharge is increased. The electro-motive force arising from 
the intensity of chemical affinity is not increased by enlarging 
the plates, as the affinity is the same in a large as in a small 
plate. Large plates, however, by indnding a larger section of 
liquid, lessen the resistance within the cell, and thus for aid 
the development of chemical action. 

Under ^e same electro-motive force, the raj^dity of dis- 
charge is lessened when the connecting wire is loz^, but 
accelerated when it is thick. The resistance ofEered by a long 
series of molecules must be the sum of the resistances offered 
by each one; hencey the longer the series, the greater the 
resistance. Again, one series can convey a certain amoxmt 
of electricity with a certain &cLLity; another series will 
convey as much with the same ; the two will convey twice 
as much electricity as easily as one series conveys the original 
amoimt Or if one be made to convey as much aa two^ its 
molecules must discharge twice as fast ; and having twice the 
work to do in the same time, will offer twice the resistance. 
Hence, the more series we have, or the thicker the wire, the 
better does it conduct. 

75. Comparison of the EUctric Maehim and the Galvanic Pomt. 
— The following experiment illustrates the relative charac- 
teristica of galvanic and factional electricity. A Winter's 
electric machine, such as the two-foot plate described in 
article 45, gives readily, when in good order, a spark of 
twelve inches, and causes a visible disturbance of the leaves 
of an electrometer at a distance of twenty feet from it If 
such a machine be made to send a current through a 
moderately sensible galvanometer in the way described in 
article 59, it will make the needle deflect one or two- 
degrees. If a galvanic pair be connected with the same 
galvanometer, consisting of very fine iron and copper wires 
about an eightieth of an inch in diameter, immersed for about 
an inch into a few ounces of water containing one drop of 
sulphuric add, the needle wiU deflect three or four times 
what it did before. The electricity of thft gqxssi^ ^^ssa^suyi^ 
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in the diminutiye pair is greater in quantity than that of the 
machine, but its tension is immeasurably smaller. Should a 
break be made in the circuit, the power of the terminal poles 
to attract or repel is almost infinitesimal, and discharge 
between them through the air cannot be effected even at a 
microscopic distance. Faraday has calculated that a wire of 
platinum and one of zinc, -j^th of an inch thick, immersed 
fths of an inch in water containing sulphuric acid in the 
proportion of one drop to four ounces, will produce in three 
seconds as great a quantity of electricity as thirty turns of a 
fifty-inch plate-machine. 

There seems to be something discordant in the results here 
obtained. The electro-motive force of the machine, as shewn 
by its tension, appears to be enormous, and yet, with almost 
no resistance, it barely produces a current. The force of the 
pair seems to be low, and yet the resulting current is very 
strong. This arises from the relative conditions of both being 
entirely different. In the galvanic pair, no matter how small 
it be, before an infinitely small circuit-resistance it would 
produce an infinitely strong current. Now, in the machine 
the quantity of electricity given off appears to be unaffected 
by the circuit-resistance. The conditions of both we might 
picture to ourselves in this way. Suppose we had an electric 
machine turned by a descending weight, and that somehow 
or other the resistance of the circuit, the only resistance in the 
case, was yoked to the plate, one turn of which always gave 
the same quantity of electricity to form the current ; with a 
small circuit-resistance the weight would descend quickly, 
and the rapid rotation of the plate would give rise to a strong 
current; with a large resistance, the reverse would be the 
case. If the weight, which may be taken as the electro-motive 
force, were free to descend, the rapidity of rotation and amount 
of current would depend entirely on the resistance of the 
circuit. Here, if the weight were of moderate size, we would 
have the conditions similar to those of the pair. If the weight 
were enormous, but from some cause descended very slowly, 
it would turn the plate against any resistance, however great. 
Before a small resistance, however, it would soon exhaust 
itselfj and. appear almost to stop. Here we have conditions 



like tlioae of the electric machine. High tenwon ia the 
quality of electricity generated in the face of great resistance. 



Qalvamc Battery and Various Forms of Cells. 
Golvanlo Battaiy. 
76, When a number of copper and zinc pMn, similar 
to the one already referred to, are pnt together, to that 
the copper plate of one cell is placed in conducting con- 
nection with the zinc plate of the next, in the manner 
shewn in fig. 67, they constitute a galvanic battery. The 
arrangement may be thus pnt : ~*ZLC~'lLC~ZL(r~ZLC~~*'' 
Z standing for zinc, L for liqnid, and C for copper ; the strokes 
below for the cell-connectiona, the strokes above for the wire- 
coDDeationa. The term battery is sometimes also applied to 
a number of cells acting as one combination, in whatever way 
they may be connected, and sometimes even to one celL 
When the terminal copper and zinc plates (fig. 67) are con- 
nected, the ciirtent nms from each copper to each zinc 




plate withont the liqmds, and from each zinc to each copper 
plate within the liquids ; and when the contact ia loiEtWi., 
the line pole shews ~, and the ccr^'^ y^ -V"^ '^^q.* 
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galvanic battery thus put up acts in all respects as a 
compound gaLvanic pair, and constitutes a compound galvanic 
or voltaic circuit. If the polar wires be connected with a 
tangent galvanometer, the deflection of the needle caused by 
the battery will be exactly the same as that effected by one 
of the cells, provided the wire be thick, and a good conductor 
—that is, the maximum current given out by a single cell 
and a battery is the same ; but if the zinc end be connected 
with the ground, and the electric tension of the insulated 
copper pole be tested by a condenser and torsion balance, its 
tension is found to be as many times greater than the tension 
of the same pole of one cell examined in the same way as 
there are cells in the combination. Thus, if two cells be 
taken, the tension is doubled ; if three, tripled ; and so on. 
The electro-motive force of a battery is therefore proportioruil to 
the number of cells, supposing, of course, that they are arranged 
consecutively, as in the figure. Hence, when the interpolar 
connection oflFers great resistance — ^when it is, for instance, a 
very long and thin wire — ^the battery has power to maintain 
a current when the cell almost fails to do so. The fact that 
one cell gives the same maximum current as a battery of any 
number of cells, enables us easily to ascertain if all the cells 
of a battery are in order. Suppose, for instance, we wished 
to ascertain this for a battery of 100 cells, we take one cell, 
to all appearance in good order, and test its effect on the 
needle through a piece of thick copper wire ; then we take 
the 100 cells, and test their combined eHect in the same 
way. If bott are the same, theft all the cells are in order. 
The effect of the battery c^unot possibly, in the circumstances, 
be greater than that of any one eel}, but it may be less. If 
it is so, one or piore of the cells ift the chaiii are defective. 
If there is no local action, the quantity of zinc dissolved, 
and of hydrogen given off, in each cell or element of the 
compound circuit is exactly equal in amount, as is to be 
expected from the perfect homogeneity of every circuit. 

The four cells in fig. 67, as stated, form a compound 

voltaic circuit. They may be made to form also a simple 

circuit If all the zincs were connected with one wire, and 

all the coppers with another, aad the circuit completed by 
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one wire, then the foiu cells wonld act m ereij respect as 
one cell, whose plates had four times the snr&ce. A hatterj, 
such aa in the ^ure, would be said to have a tenaioa 
arrangement; a battery, like the one named, a quantity 



That the electric tension should mnltdply with the number 
of cells, may be accounted for by the considerotion, that 
instead of one polarisii^ force, there are seveial, all acting 
in the same direction, each one exalting the polarity of the 
molecules produced by the other. 



Sifibrent FpiTQS of the GalTonlo Batteiy. 

77. VoUa'i pile is shewn in fig. 68. It consists of a number 
of circular plates, each made np of a plate 
of copper and a plate of zinc soldered 
together, built up, the copper plates 
facing one way and the zinc the other, 
each compound plate beii^ separated by 
a circnlai piece of woollen doth, moistened 
with a solution of common salt or dilute 
sulphuric acid. In consequence of the 
great number of pain, the electric tendon 
of the poles of Volta's pile is conmderable. 
One furnished with from 60 to 100 plates 
can charge an electroscope without the 
condensing plates. It is from this battery 
that the term 'pUe' is applied to the 
galTanlc or voltaic battery. Volta used 
another form of battery, which he called n 
a erovm of eapi, This consisted of a ' 
number of cells like those in fig. 62, ^^- ^■ 
arranged in a circle, so that the fitat and last were 
contiguous. 

78. ZamhonFt Dry PiU consistB of several hundreds, and 
sometimes thousands, of discs of paper tinned on one side, 
and covered with binoxide of manganese on the other, put 
together consecutively, as in Volta's pile, and ^IwwA -wAist 
pleasure in an insulating glass tube (AowA. m^^snav %-^»,^ 
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vhich Berre a« tbe poles. The electric tension of tlte poles of 
this airangement b considerable, bat the Btrength of the 
cuirent which passes when the poles are joined is next to 
nothing. The most important application of the diy pile is in 
the construction of a very delicate electrometer, which in 
named after its inventor, Bohnenberger'i eltctromeUr. In this 
instrument the dry pile is insulated, and its ends are placed 
in conducting connection with insulated wires, which are 
bent round so as to face each other. The wires end in small 
faces, which thus constitute the poles of the pile. A gold 
leaf ia hung between the poles, and turns to the one or the 
other according as it is changed. As we know the names of 
the poles, we know at once the name of the electricitj with 
which the leaf is charged, as it must incline toward the 
opposite electricity, 
79. Tht Qalvanie Trougk, inboduced by Crnikshsnk, u a 




trough (fig. 69) into which rectangular plates of copper and 
zinc, like those of Volta's pile, are fised, the cells included 
between each pair being Ailed with dilnte sulphuric acid. 
The inner suriace of the trough is coated with an insulating 
substance. 

ea WoUaslon'a Battery. — Each couple of this battery (fig. 
70) is made up of a plate of copper, doubled up so as to 
include a plate of zinc, bota which it is kept apart by 
strips of wood. Both faces of the zinc are thus equally 

' exposed to cliemical and galvanic action, a device by which 
the quantity of electricity is increased. Fig. 71 shews a 

iatteiyr of Sre o£ these. The connecting rUi^ of metal are 



fixed to a wooden rod, by which thej can be lifted or 
lowered ti^ther. When the battery ia put in action, the 
whole is lowered, and the five couples are immersed in five 
troi^hs filled with dilute Bulphuric acid (1 of the aoid to 12 
of water). Wheo. out of action, the whole is lifted and fixed 




Fig. 70. 



by binding screws to the two supporting pillars. When the 
number of paiia ia small, aa in the figure, it is of little 
conseqnence whether one large trough or five Bmall ones be 

81. Sme/i'» Battery.— In Smee's couple, the position of the 
plat«8 of WoUaston'a conple is reversed. It conaista of a 
silver plate, with a zinc plate on either side, kept separated 
from it by slips of wood, the two zinc plates being 
fastened by a coupling. There are thus two -|- plates 
to one — , instead of two — to one +, aa in Wollaston's 
couple. The zinc plate has not thus to be so often 
renewed as in Wollaston's battery. The silver plate is platin- 
ised — that ia, covered over with finely-divided platinum 
— and this is found to lessen the adhesion of the hydrogen 
bubbles to the plate, thereby greatly improving the constancy 
of the action. Sinee'a battery has the st 
WoUaston'a. 
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82. Qtov^s Gat Battery. — Thia battery b more intended for 
instruction, tban uae. One of its cells is shewn in fig. 72. 
Into the two outer necks of a three-necked bottle, two glass 
tubes are fitted by means of corks through which they pass. 
Each of these tubes is open below, and a platinuin wire enters 
them hermetically above, to which a long strip of platinam is 
soldered, estending nearly to the bottom of the tube. Little 
cups, containing mercury, stand at the upper ends of these 
wires. The whole apparatus is filled with slightly acid water, 
and the poles of a gaJvanic battery are placed in the little 
cupe. Water is thereby decomposed : oiygen forma in the 
one tube and hydrogen in the other. When the battery wires 
are removed, no change takes place till metallic comiection is 
established between the cups, and the oz^en and hydrogen 
gradnally disappear, attended by an 
electric current which passes from the 
oiygen to the hydrogen. WheHMVEral 
of these are put together in b battery, 
the connection being always oxjgKti to 
l^djogen, thqr can decompose water. 
The most important fact iUnstrated by 
Grove's battery is, that the oxygen and 
hydrogen, liberated by galvanic agency, 
when left to themselves, produce a 
current the opposite to that which 
separated them. When the poles of 
the decomposing battery were in the 
mercury cups, hydrogen is given off 
at the — , and oxygen at the + 
pole ; and as opposite electricities 
attract, it is monifeat that the hydro- 
gen in this action is +, and the 
oiygen — . When the two gaaea form, 
by means of the platinAun plates, 
_ a galvanic pair by themselves, the 

current must proceed, ea in all cases, 
from the + to the — within the liquid, and the reverse 
way between the poles i but this is the opposite of. the 
direction of the original current. 
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Galvcmie Polaruatitm — Conetant Batteria. — It is therefore 
tuanifeat tbat where oxygen or hydrogen is set free at any point 
in. a galvanic circuit, they will tend to send a coimter^cnirent 
This tendency is called gaivaniic polarieatiim. This accounts 
for the feet, that no single galvanic pair can decompose water, 
as the force generated is no greater than the foix« of the 
counter-current that would be produced by the liberated gasea. 
Even two cells produce an insignificant effect Galvanic polar- 
isation also accounts for the sudden falling off in strength in 
all galvanio couples where hydrt^en is set free at the native 
plate. The bubbles of the gas adhering to the plate, not only 
lessen the smiace of contact between the plate and t^e liquid, 
bat exert an electro-motive force contrary to that of the pair, 
and this goes on increasing until the action becomes greatly 
reduced. In all improved forms of the pair, it therefore 
becomes necessaiy to adopt some means of preventing the 
diseugi^ement of hydrogen at the negative plate, and this 
is done in all cOTutaiU batUrUs by employing two fluids 
instead of ont. The best known constant batteries are those 
of DameU, Grow, and Bamm. 





83. DattitIP$ BatUrg.—A. cell of this battery ia dieriTO.\o.Si!i,, 
73, and a section of it in fig, 7^ "Hlq coa!(KCu:a%'^«w^Q.,S& ^ 
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copper, which serves likewise as the negative element of the 
pair. Inside of this is another vessel, d, of porous nnglazed 
earthenware containing a rod of zinc, z. The space between 
the copper and the porous cell is filled with a solution of the 
sulphate of copper, which is kept concentrated by cry^stals of 
the salt lying on a projecting shelf, s, and dilute sulphuric 
acid is placed with the zinc in the porous celL When a 
tangent galvanometer is included in the circuit, the needle 
keeps steadily at the same point for hours. The rationale of 
its action is given as follows : The porous cell which keeps 
the fluids from mingling does not hinder the passage of the 
current ; when the atoms of hydrogen that would idtimately 
be freed at the copper reach the porous cell, they displace the 
copper in the sulphate of copper, and copper instead of hydro- 
gen is thrown on the copper plate. The chemical rationale of 
the action may be given by the following equations. Begin- 
ning with the copper (Cu) of the outer vessel, and ending 
with the zinc (Zn) of the rod, and taking |* for diaphragm or 
porous cell, we have the arrangement before discharge 

Cu,CuS04 OuBO^ I'^H^^SO; H^jSO^ Zn; and after it, CuCu 

SO^ SO/H2 S0^2 SS^. The discharge, therefore, 
effects a deposition of copper at the copper, and the formation 
of sulphuric acid at the porous cell and of sulphate of zinc 
at the zinc rod. Instead of hydrogen in its nascent state being 
deposited at the copper, we have copper in the same condi- 
tion ; but the galvanic polarisation caused by the latter is 
very much inferior to that resulting from the former, and 
hence the superior electro-motive force of DanieU's celL The 
porous cell keeps the sulphate of zinc from reaching the 
copper, and thus obviates another source of diminished force 
in the one-fluid battery. The sulphate of zinc once formed, 
is itseK subjected to the decomposing action of the pile, and 
zinc is deposited on the copper-plate, thus tending to give a 
zinc-zinc instead of a copper-zinc pair. The constancy of 
DanieU's battery is not unlimited, for the sulphate of zinc 
which results from the action, being a bad conductor of elec- 
tricity, enfeebles the current. From its great specific gravity, 
however, it falls to the bottom of the cell, and may be removed 
bjr a siphon, and replaced by ireali '^c^jxi.^ TVia w^-^x ot th« 
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Daniell'a cell ia frequentlj also placed inside the porous veBsel, 
as the platiunm in Orove'a celL A batteiy of Bauiell'a celk 
is put up in the usual way. 

84. Grove's Battery consista of platmam-7iiic couples. Fig, 
75 shews an excellent arrangement of a cell of it The outer 
cell of glass, g, is flUed with, dilute aulphurio acid (1 part of 
acid to 8 of water), in which a cylindrical plate of zinc, z, is 
immersed. Inside the zinc is a porous cell, d, containing 
concentrated nitric acid and the platdnum pUte, p, which is 




Fig. 7i, Fig. IS. 

bent into the form of an S (&g. 76), t« increase its sniface. 
Grove's couple is very much superior in power to any of the 
preceding, though it ia inferior in constancy to Daniell's. 
When the poles are joined, sulphate of zinc is formed in the 
outer cell, and the heavy brown gas, peroxide of nitrogen 
(NjO,), Ie given off by the nitric acid. As this gas is injurious 
to the health when breathed for any time, the porous cell is 
closed with a stopper of wood to pi«vent or lessen its escape, 
the connection between the exterior and the platinum plate 
being made by a strip of metal pasung through the wood. 
The chemical action of Grove's couple may he shewn in the 
same way as Daniell's, taking anhydrous nitric aiiiC^.p^'yi. 
be the oxide of the peroxide ol mtTOu^ l^ii^jS^. "«*&s» 



diacliaige, the molecules stand thus, b^iimiiig 'witli the plati' 
num: Pt,^fi^Sfi^ \'E^t S^i.Zri; and after it, 
PpJjOi 0;^( Ol'Hj SO^JHj SO^jZn. The peroxide of 
nitrogen discharged at the platintun plate is ahsorbed by the 
nitric acid, in which it is soluble, bo that the plate is left &ee. 
The resulting solution is highly conductii^. The peroxide 
of nitrogen soon Epontaneonaly separates from the nitric add, 
giving rise to the dark-brown vapour already mentioned. The 
cells of a Qrove's battery are connected with the platinum of 
the one to the zinc of the other. 

80. Bviuen't Battery. — Ennsen's cell has the eame chemical 
action as Grove's, the platinum being replaced by carbon. 
There are two forms of the cell — Uie one invented and 
employed by Professor Bunsen, and generally adopted in 
Geimany ; and the modification introduced hy Aicheian, 
generally found in England and France, The Bnnsen cell, 
properly so called, has a carbon cylinder immened in nitric 
acid, and the porous cell containing the zmc and nilphnric 
acid placed within it. Fig. 77 represents a batteiy of four 




ceUa, shewing how the different cells are connected : j; is the 
contiuning glass vessel ; c, the carbon cylinder ; d, the poront 
cell ; and «, the zinc. The other form of the Bunsen cell ia 
shewn in £g. 78, In it the eame axiu:ig&inen\.i£n&o^ted.eBin 
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Grove's cell. Bunaen's battery, in point of cheapness, is pre- 
feiable to QroTe'B, where the platinum foima an ezpenalTB 
item, bnt is inferior to it in 
point of compactueas. 

Banien Coke. — The carbons 
forBuDBen'sbatteryaremadeby i 
& pcoccss invented by Bnnsen. I 
The fine dust of coke and 1 
caking coal is put into a close t 
iron mouldof the shape required 
foi the carbon, and exposed to 
the heat of a furnace. When 
taken out, the burned mass ia 
porous and unfit for use, but 
by repeatedly soaking it in 
thick syrup, or gaa tar, and 
reheating it, it at length acquires Fig. 70. 

the uecessaiy solidity and con- 
ducting power. . The carbon tliat forms on the roof of gas- 
retorts is harder and better than the carbon thus made, but it 
is difficult to work, and the supply of it is limited. 

Cwapamtitw Eiwfro-motiw Fareei of different CelU. — Taking 
Miiller's results, and expressing them, in the electro-chemical 
units afteiwaids mentioned (96), the following numbers give 
the average electro-motive forces of the different cells : 
Bunsen's, 16-45 ; Grove's, 1605 ; Daniell's, 9-67 ; Wollaston's, 
413. This, of course, does not tell ua the mnTinniin current 
that can be got from each, for to determine that the size of the 
plates, their nearness, and the liquid resistance within the 
cell, muat be also taken into account The redstances 
within the cells for like surfaces for Daniell's and Grove's 
batteries have been variously estimated. 3ome give the 
resistance in Daniell's as six times, others two times greater 
than in Grove's. Tn Wollaston's cell the resistance is com- 
paratively Hoalt &om the absence of the porous cell, which 
oSere very considerable resistance. 

86. Iron Battery. — Instead of platinum, iron may be used 
with an equally good result in Grove's battery. Oare toji* 
be taken tiiat the nitric add does luA '^>«iDCiiiv'& S&-!^»., ^st \&. 
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dilute nitric acid the iron is violently attacked. In the 
electro-chemical table, iron stands much inferior to platinum 
as an electro-negative metaL Its use in the iron battery 
depends on its becoming highly electro-negative in concen- 
trated nitric acid, or assuming, as it is called, a passive condi- 
tion. The passivity of iron can be produced in various ways. 
It becomes so when dipped in concentrated nitric acid, when 
heated in air or oxygen till it changes colour, or when it 
forms the + pole in the decomposition of water, where ozon- 
ised oxygen acts on it Passive iron suffers no change in 
dilute nitric acid, which powerfully corrodes active or ordinary 
iron. The passivity of iron is attributed to the formation on 
its surface of a very thin layer of oxide, which is insoluble in 
nitric acid, and electro-negative compared with active iron. 
Passive iron can be made active by being rubbed with sand- 
paper, or heated in hydrogen gas. If in the iron battery 
filled with dilute acid there be any part not passive, that 
part forms a pair with the passive part, and rapidly dissolves. 
When the acid is concentrated, however, the surface is kept 
constantly passive. 



Measurers of Current Strength. 

87. The two powers of the galvanic current by which its 
strength is most conveniently measured are, its power to 
deflect the magnetic needle, and to effect chemiccd decom- 
position. To measure one or other of these is the object of a 
galvanometer or voltameter. A magnetic galvanometer shews 
the strength of the current by the amount of the deflection of 
the needle, and shews its direction by the way in which it 
deflects. The manner in which a needle should turn when 
influenced by a current is easily kept in mind by Ampere's 
rule : Suppose the diminutive figure of a man to he placed in the 
circuit, so that the current shall enter hy his feet and leave by hds 
head; when he looks with his face to the needle, its north pole 
always turns to his left. The deflecting wire is supposed 
always to lie in the magnetic mcniiiaxu 
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88. The Astatic Galvanometery also called simply Gatvan- 
ometer (Ger. Multiplicator), is used either simply as a galvan- 
oscope, to discover the existence of a current, or as a measurer 
of the strengths of weak currents. When a needle is placed 
under a straight wire, through which a current passes, it 
deflects to a certain extent, and when the wire is bent, so as 
also to pass below the needle, it deflects still more. This is 
easily understood from the above rule. The supposed figure 
has to look down to the needle when in the upper wire, and 
to look up to it in the lower wire, so that his left hand is 
turned in difierent wavs in the two positions. The current in 
the upper and the lower wire moves in opposite directions, 
thus changing in the same way as the figure ; and the deflec- 
tion caused by both wires is in the same direction. By thus 
doubling the wire, we double the deflecting force. If the 
wire, instead of making only one such circuit round the 
needle, were to make two, the force would be again doubled, 
and if several, the force (leaving out of account the weakening 
of the current caused by the additional length of the wire) 
would be increased in proportion. If the circuits of the wire 
be so multiplied as to form a coil, this force would be enor- 
mously increased. Two needles, as nearly the same as 
possible, placed parallel to each other, with their poles in 
opposite ways, as shewn in fig. 79, and suspended, so as to 
move freely, by a thread without twist, have little tendency^ 
to place themselves in the magnetic meridian, for the one 
would move in a contrary direction to the other. If they 
were exactly of the same power, they woidd remain indiffier- 
ently in any position. They cannot, however, be so accurately 
paired as this, so that they always take up a fixed position^ 
arising from the one being 
somewhat stronger than the 
other. This position is some- 
times in the magnetic meridian, 
sometimes not, according as the 
needles are less or more per- =. 




n 




fectly matched, and their axes Fig. 79. 

lie in the same vertical plane. 

Such a compound needle is called asiati.e, qa \V> ^^»s^^ ^^«^» 
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from the directing magnetic inflnence of the earth. If an 
DBtatic needle be placed in a coil, as in fig. 80, bo that the 
lower needle he within the coil and the upper one above it^ 
its deflectionB will be more considerable than a simple needle, 
toi two reasons : in the first place, the power which keeps the 
needle in its fixed position is small, and the needle is conae- 
qnentlf more easily influenced ; in the second place, the force 
of the coil is exerted in the same direction on two needles 
instead of one, for the upper needle being mnch nearer the 
upper part of the coil than the lower, is deflected alone by it, 
and the deflection ia in the same direction as that of the lower 
needle. An astatic needle so placed in a coil constitutes an 
utatic galvanometer. One of these iostromenta is shewn in 
fig. 80. Bound an iToiy 
bobbin, AB, a coil of fine 
copper wire, carefully 
insulated with silk, is 
wound, its ends being 
connected with flie bind- 
ing screws, «, i*. The 
astatic needle is placed 
in the bobbin, which is 
provided witl a vertical 
alit to admit the lower 
needle, and a lateral 
slit to allow of its oscil- 
lalionB, and is suspended 
by a cocoon thread to 
1 hook supported by a 
brass irame. The upper 
needle moves on a grad- 
uated circle ; the com- 
pound needle hangs 
freely without touchbg the bobbin. The whole is included 
in a glass case, and rests on a stand, supported by three 
levelling screws. When used, the bobbin is turned round by 
the screw, Q, until the needle stands at the zero-point, and 
the wiies through which the current is sent are fixed to thft 
binding screws. The rnmbei ol iegteea ftiA ttia naedla 
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deflects may then be read off. It is manifest that on deflec- 
tion taking place, the different portions of the coil are differ- 
ently situated with respect to the needle than what they are 
at zero ; the deflecting force of the coil, therefore, differs with 
the position of the neMle, so that the deflections caused by 
different currents are not in the proportion of the angles of 
deviation, or their functions ; up to from 15° to 20", it is 
found for most instruments that the strength of the current is 
proportional to the angle of deviation; beyond that, the 
relations of strength indicated by diiferent angles must be 
ascertained experimentally, which can be done with the aid of 
a thermo-electric pile. 

89. Tangent Galvanometer. — This instrument is shewn in 
£g. 81. It consists essentially of a thick strip of copper, bent 
into the form of a circle, from one 
to two feet in diameter, with a small 
magnetic needle, moving on a gra- 
duated circle, at its centre. When 
the needle is small compared with 
the ring, it may be assumed that 
the needle in any direction it lies 
holds the same relative position to 
the disturbing power of the ring. 
This being the case, the strengths of 
currents circvMing in the ring are 
proportionate to the tangents of the 
angles of deviation of the needle. Fig. 
82 shews how this is proved. Let 
MM be the magnetic meridian, or 
the plane of the ring, NS the needle, 
T the horizontal magnetic force of 
the earth acting parallel to the meri- 
dian, C the force of the current in 

the ring acting perpendicular to the meridian, and d the 
angle of deflection of the needle, ALM. T, represented 
by line ON, and C by BN, must be resolved each into two 
forces acting in a line with, and perpendicular to, the 
needle. T is resolved into ND and NE, and C into Kd 
and AN". The perpendicular pacta, Q[^ «a^ '^'^> TfiSis^>jR^ 




Fig. 81. 
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equal to each other if the needle is at rest, for they alone 
determine the turning of the needle. The other parts are 
neutralised bj the opposite forces at the other end. Now, 




Pig. 83. 

ON is C COS. d, and ND is T sin. d; and these being 
equal, it follows that C = T tan. d As T may be taken as 
constant at the same point on the earth's surface, the force 
C varies with tan. d. Thus, if the deflection caused by one 
galvanic couple was 45°, and of another 60°, the relative 
strengths of the currents sent by each would be as the tangent 
of 46° to the tangent of 60°— viz., as 1 to 1-73. The needle 
can never be deflected 90°, for as the tangent of 90® is infinitely 
large, the strength of the deviating current must be infinitely 
great, a strength manifestly unattainable. The tangent gal- 
vanometer can consequently be used to measure the strongest 
currents. One great advantage attending its use is, that the 
current, in passing through the thick copper wire, experiences 
almost no resistance, and consequent diminution of strength, 
so that it can measure a current without affecting it. The 
strengths of the currents here got are simply relative. In 
article 132, we shall find that when the horizontal intensity of 
the earth's magnetism at the place of observation is known, 
the indications of the tangent galvanometer give the strengths 
in absolute electro-magnetic units. The determination of the 
horizontal intensity requires care and skilL By coupling the 
indications of the galvanometer with those of tiie voltameter, 
as shewn in the next paragraph, we have an easier way of 
reaching absolute results in electro-chemical units. 

90. Voltameter, — ^This was invented by Faraday for test- 
ing the strength of a cunent. ¥i^. ^"^ ^\i^'9i% Iqlov it may be 
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constracted. Twq platinum plates, each about half a aquaie inch 
in Bize, are placed in a bottle containing water acidulated with 
snlphoric acid ; the platea ore Boldered to wires which pass up 
throi^h the cork of the bottle ; binding sciewa aie attached to 
the upper enda of these wirea ; a glaaa tube fixed into the cork 





Fig. 88. 
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serrea to discha^ the gas formed within. When the binding 
Hcrewg ate connected with the poles of a batteiy, the watet 
in the bottle b^na to be decompoaed, and hjdiogen and 
osygen rise to the eorface. If, now, the outer end of the 
diflchaipng tube be placed in a trough of mercury (mercury 
does not diasolve the gases), and a graduated tube (fig. 64), 
likewise filled with metcuiy, be placed oyer it, the combined 
gases rise into the tube, and the quantify of gas given off in a 
given time Tntatwa the ttrcngth of the current. The unit 
current may be taken as one which is capable of giving off 
one cubic centimetre of gas per minute. The voltameter 
chooses aa a test the work which the current can actually 
perform, and establishes a unifonn standard of comparison. 
The indications of the tangent galvanometer, aa taken above, 
aie comparable only with its own ; but the quantity of gas 
discharged by the voltameter, corrected for pressure and 
temperature, is something quite absolute. However, by 
comparing the indications of both instrunients with each 
other when placed in the same circuit, an absolute standard 
may likewise be got for the tangent galvauamebeT. Ii^^<:n. 
instance, the cnirent given hy 11)8X1613 *^q'v)^^~^«>^'^'^"^ 
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centiinetres in a minute, as shewn by the voltameter, and 
pioduced at the same time a deflection of 45** in the gaLvan- 
ometer, the ratio of 60 to the tangent of 45*" — viz., 60 to 1 = 
60, is constant, for correct measurements of the strength of 
currents, however taken, must bear to each other a constant 
ratio. If the angle of deviation for another current be 30% 
we have therefore only to multiply 60 by the tangent of 30% 
to ascertain the amount of gas that would be liberated by a 
current of that strength in a minute. Thus, let x as quantity 

Of* 

of gas with a current deflecting the needle 30% then — = 

60 

r jr^ = — 'z — f therefore a; = 60 tan. 30* = 34*6 cubic 

tan. 45 1 

centimetres of gas per minute. We are not to condude that 
the electromotor that gives off this current would be able to 
affect so much decomposition in the voltameter ; but we are 
told that if it could send through it a current of 30% suck 
would be the amount of explosive gas ; or rather, in any 
voltameter through which a current of 30% according to this 
particular galvanometer, is passing, the chemical decomposi- 
tion equals 34*6 qubic centimetres per minute — a perfectly 
general measure. This found, we know the meaning of a 
deflection of 30** of the galvanometer in question in a p^ectly 
comparable standard. The plates of the voltameter must ba 
small, for when they are large, a smaU quantity of electricity 
is found to pass without decomposing the water. It is founds 
also, that a minute quantity of the oxygen forms peroxide of 
hydrogen (HsOa) with the water, and remains in solution, so 
that when very great accuracy is required the hydrogen alone 
ought to be measured. 
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Beeistances to the Current— OIuh'b Law. 

Kealstanoes to the OimeiiL 
91. It ia found that the dimengioiis and material of anb- 
etances included in the circuit exerciae an important 
influence on the strengUi of the current. It ia of the 
greateat importance to ascertain the relative amount of 
die reaiatanee ofiered by conduototo of various fonnB and 
materiak The rheostat, invented by Wheatatone, ia generally 
employed for this purpose and for thia object ia conBtructed so 
as to introduce into, or withdraw 
a considerable amount of highly 
tesisling wire from, the circuit 
without stopping the cnrrent It 
ia ahewn in fig. 85. Two cylin- 
ders, C, C, about 6 inches in 
length, and IJ inch in diameter, ^ / 
are placed parallel to each other, ; 
both being movable round their ^ 
axes. One of theni, C, is of Kg. as. 

brass, the otlker, C, is of well- 
dried wood. The wooden cylinder has a spiral groove cut into 
it, making forty tuins to the inch, in which is placed a fine 
metallic wire. One end of the wire is fixed t« a brass ring, 
which ia seen in the figure at the further end of the wooden 
cylinder ; and its other end is attached to the nearer end (not 
aeen ia the figure) of the brasa cylinder, C. The brasa ting 
just mentioned ia connected with the binding screw, S, by a 
strong metal aptii^. The. further end of the cylinder C haa 
a similar connection with the binding aciew, S'. The key, H, 
fita the projecting staple of either cylinder, and can conse- 
quently torn both. As the brass cylinder, C, is turned in the 
same direction aa the hands of a watch, it nncoUs the wire 
from the wooden cylinder, C, making it thereby revolve in 
the same way. When the wooden cylinder is turned contrary 
to the hands of a watch, the reverse takes place. The nikmbos^ 
of revolutions is shewn by a acalfe ■jVanei'WtweKii.'io.^.^rBti., 
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and the fraction of a revolution is shewn by a pointer moving 
on the graduated circle, P. When the binding screws, S and 
S', are included within a circuit, say S with the +, and 
S' with the — pole, the current passes along the wire, on 
the wooden cylinder, C, till it comes to the point where 
the wire crosses to the brass cylinder, (y ; it then passes up 
the cylinder C to the spring and binding screw, S'. The 
resistance it encounters within the rheostat is met only in 
wire, for as soon as it reaches the large cylinder, C, the resist- 
ance it encounters up to S' may be considered as nothing. 
When the rheostat is to be used, the whole of the wire is 
wound on the wooden cylinder, C, the binding screws are put 
into the circuit of a constant cell or battery along with a gal- 
vanometer, astatic or tangent. If, now, the resistances of two 
wires are to be tested, the galvanometer is read before the first 
is put in the circuit. After it is introduced, in consequence 
of the increased resistance offered by it, the needle fedls back, 
and then as much of the rheostat wire is unwound as will bring 
the needle back to its former place. The quantity of wire 
thus uncoiled in the rheostat is shewn by the scales, and is 
manifestly equal in resisting power to the introduced wire. 
The first is then removed, the rheostat readjusted, and the 
second wire included, and the same unwinding goes on as 
before. To fix our ideas, let the quantity of wire unwound in 
the first case be 40 inches, and in the second case 60 inches ; 
40 inches of the rheostat wire offer as much resistance to the 
current as the first wire, and 60 inches of it as much as tlie 
second. We have thus 40 to 60 as the ratio of the resistances 
of the two wires. The wire of the rheostat, from its limited 
length, can only be comparable with small resistances ; and 
where great resistances are to be measured, large bobbins of 
insulated wire called resistance coils, whose resistances have 
been ascertained, are introduced into the circuit, or removed 
fipom it, as occasion requires, leaving to the rheostat to give, 
as it were, only the fractional readings. 

92. The general principles of the construction of a rheostat 
being imderstood, it will be easily understood how the follow- 
ing results have been ascertained. It is proved, for instance, 
tliat the resistances of wires of the zame material, and of uniform 
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ihicknesSf are in the direct ratio of their lengths, and in the in- 
verse ratio of the squares of their diameters. Thus a wire of 
a certain length offers twice the resistance of its half^ thrice of 
its third, and so forth. Again, wires of the same metal, whose 
diameters stand in the ratio of 1, 2, 3, &c., offer resistances 
which stand to each other as 1, J, i, &c. ; therefore, the longer 
the wire the greater the resistance, the thicker the wire the 
less the resistance. The same holds true of liquids, but not 
with the same exactness. For this reason, the larger the plates 
of a galvanic pair, and the nearer they are placed to each 
other, the less will be the resistance offered to the current by 
the intervening liquid. The following table, constructed by 
Ed. Becquerel, gives the specific resistances of some of the more 
common substances, or the resistance which a wire of them, so 
to speak, of the same dimensions offers at the temperature 
54° F. : Copper, 1 ; silver, *9 ; gold, 1*4 ; zinc, 37 ; tin, 6-6 ; 
iron, 7*5 ; lead, 11 ; platinum, 11*3 ; mercury (at 57°), 50*7. 
For liquids, the resistances are enormous as compared with the 
metals. With copper at 32° F. as 1, the following liquids 
stand thus : Saturated solution of the sulphate of copper at 
48° F., 16,885,520 ; ditto of chloride of sodium at 56° F., 
2,903,538 ; sulphate of zinc, 15,861,267 ; sulphuric acid, diluted 
to T^, at 68° F., 1,032,020 ; nitric acid at 55° F., 976,000 ; dis- 
tilled water at 59° F., 6,754,208,000. 

If such be the resistance of distilled water, which is a con- 
ductor for frictional electricity, how inconceivably great in 
comparison must be the resistance of those substances which 
are non-conductors to it. 

93. The conducting power of a substance is inversely pro- 
portional to its resisting power, the more it resists the worse 
it conducts. The list just given therefore gives inversely the 
conducting power of the substances mentioned, so that taking 
the conducting power of silver as 100, we get that of each of 
the other substances by dividing 90 by the resisUince of that 
metal Instead of giving BecquereVs conducting table, we 
may give Mathiessen*s more recent determinations (1858). In 
the following table the first column gives the conducting 
power of the metals for electricity according to Mathiessen, 
and the second column their condactm^ ^^^^ Vsl V^^sa^ 
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aocoiding to Wiedemann — Bilver, the Btandaid, "beuig 
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Silver, . 


tricity. 


Heat. 


Platinum, . 


tricity. 


HMt. 


100 


100 


10-5 


8*4 


Copper, 


77-4 


78-6 


Lead, . 


7-7 


8-5 


Qold, . 


65-2 


58-2 


German Silver, . 


7-7 


6-3 


Sodium, 


87-4 


• • • 


Antimony, 


4-8 


• • • 


Alaminom, . 


88-8 


• • • 


Mercury, . 


1-6 


• • • 


Zinc, . 


27-4 


28-1 


Bismuth, 


1-2 


1-8 


Potassiam, . 


20-8 


« • • 


Ghraphite, . 


•069 


• • ■ 


Iron, . 


14-4 


11-9 


Gas Coke, 


-088 


■ • • 


Tin, . . 


11-4 


15 


Bunsen Coke, . 


•025 


« • • 



The different detenninations of the conductiyitj of metals 
agree generally as to order, but differ as to precise numbers. 
This arises from the difficulty of getting metals in the same 
state of purity or hardness. The slightest admixture of a 
foreign metal alters the conducting power decidedly ; i per 
cent, of iron in copper wire increases the resistance more than 
25 per cent, and a trace of arsenic 66 per cent. Mathiessen 
has found that the relatite conducting powers of the yarions 
simple metals remain the same at temperatures between 1** 
and 100° C. Metals at 100° C, compared with themselves at 
0° C, lose about 30 per cent of conducting power. In the 
case of iron it is 38 per cent. only. Annealing improves con- 
ducting power. German sUver is well adapted to resistance 
coHs, because of its specific resistance, and because its conduct- 
ing power is affected to a slight extent (4 per cent) between 
1° and 100° C. Non-metallio substances generally improve 
in conductivity as they rise in temperature. 

94 Unit of Resistcmce, — ^Various units of resistance have 
been suggested, such as a certain length of copper or other 
wire of a certain thickness, but the difficulty in all such cases 
is, that specimens of wire are seldom found of the same purity 
or structure, so that the results in one case are not comparable 
with those in another. The British Association of 1864^ 
following a suggestion of Weber, that an electric resistance 
might be expressed as an absolute velocity, or as a length 
divided hjr time (130), independently of the nature of the 
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enbstance offering it, liave agreed upon an ideal absolute 
standard, which, according to the perfection of the means of 
observation, they will be able materially to express. This is 
called the B. A, Unit of resistance 1864, or an Ohmad (from 
Ohm). The following table will give an idea of its physical 
meaning, according to present means of realising it. It is 
expressed in B. A. units : 

B. A. Unit (1864.)— A velocity of 10,000,000 metres ) i .aaaa 

per second, \ 

Siemens's Unit. — ^A colnmn of pure mercury, 1 metre / o*d563 

long, and 1 square millimetre in section at 0** C, \ 
Varies Unit. — One mile of ordinary copper wire I 

(perhaps more correctly of a certain copper wire), > 25*61 

i^th of an inch in diameter (No. 16 wire), at 60* F., \ 
Digney's Unit. — One kilometre of iron wire, 4 milli- i QMaa 

metres in diameter, ) 

The following units are used by various observers. 

Their value in B. A. Units is determined by Dr 

Mathiessen {Phil. Mag, 1865) : 
A wire at 0° C, of 1 metre length, and 1 millimetre 

diameter, of — 
Silver (pure, annealed), . .' . . 0*01937 

Copper (pure, annealed), .... 0*02057 

German Silver (pressed), 0*2695 

According to Mathiessen*s suggestion, the B. A. unit is 
embodied in a platinum-silver alloy, containing 66*6 per cent, 
of silver, whose conducting power is 6*7, and loses only 3*1 
per cent of conducting power from V to 100*^ C. It has, 
moreover, this advantage, that it does not, as German silver 
sometimes does, alter its conducting power after long use. 
The repeated heatings caused by the passage of the current 
tend to anneal the wire, and lessen its resisting power, but this 
does not affect the alloy in question. Copies of the R A. unit 
in a wire of this alloy are issued by the Eew Observatory. 

Olmi'8 Law. 

95. Ohm^s La/u). — ^This law is singularly in accordance with 
experimental results. It assumes that the electro-motive force 
for a particular galvanic pair is constant, and that the strength 
of the current it produces is the quotient which results from 
dividing it by the resistance of the circuit. This resisfcaafift. 
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arises from two sources ; the first being the resistance withixi. 
the cell offered by the exciting liquid, and the second the 
interpolar resistance. If e represent the electro-motive force ; 
If the resistance within the cell; w, the interpolar resistaiice; 
and S, the strength of the current, or the quantity of elec- 
tricity actually transmitted, the statement of the law for one 

couple stands thus : S = ^ . The application of the law 

in a few particular cases will best illustrate its meaning. If 
we increase the number of cells to n, we increase the electro- 
motive force n times, and at the same time we increase the 
liquid resistance n times, for the current has n times as much 

of it to travel, then S = -, . If w be small compared 

m + to 

with nZ— that is, if the external connection be made by a 

short thick wire — it may be neglected, and so S = -j = •« 

This shews that one cell gives in these circumstances as 
powerful a current as a large battery, and that the increased 
electro-motive force is expended in pushing the current 
through the liquid in each celL But if nl be small with 
respect to w — as in the interpolar circuit of an electric 

telegraph battery — nl may be neglected, and S = — . Here 

we learn that the eneigy of the current increases directly as 
the number of cells. We may learn from the same that the 
introduction of the coil of long thin wire of a galvanometer 
into such a circuit, introducing but a comparatively small 
increase of resistance, causes a veiy slight diminution of the 
current strength. If, again, we increase the size of the plates 
of a galvanic pair n times, the section of the liquid is propor- 
tionately increased, so that whilst the electro-motive force 
remains the same, the cell resistance diminishes n times ; 

therefore S = . , or S = ; . If the exterior resistance 

£+ w l-¥nw 

is small, nw may be neglected, and S » -r, and the strength 
2B thus shewn to increase n times. 
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96. Application of OhfrCs Law, — To apply Ohm's law 
practically, we must have some means of measuring the 
strength of the current S, and the resistances / and w. These 
ascertained, we have data sufficient to determine e. The instru- 
ments which serve for this object, already described, are the 
tangent galvanometer and rheostat. If we are contented 
with relative results, the simple indications of the galvano- 
meter, and the resistance offered by any length (fixed on as 
a unit) of the wire we use for the rheostat, will serve our 
purpose. But if we wish absolute results, we must, in the 
first place, include our galvanometer and a voltameter in a 
circuit of several cells, and compare the indication of the needle 
with the cubic centimetres of gas given off by the voltameter 
per minute (90). In the instrument that we use let the volta- 
meter give off 30 cubic centimetres, while the needle indicates 
a deflection of 26J° (tangent = '5 or 4 nearly). By simple pro- 
portion, we find that if it gives off 30 cubic centimetres at 
264°, it will give off at 45° (tangent = 1) 60 cubic centimetres. 
To express the indications of our tangent galvanometer on an 
absolute standard of measure of gas, we have therefore to 
multiply 60 by the tangent of the angle it may indicate. 
In the second place, we must ascertain what length of the 
wire we use corresponds to a well-known imit of resistance, 
say the B. A. unit Thus furnished with an absolute measure 
of current and resistance, we may take as a unit of electro- 
motive force that wMch can generate one cvhic centimetre 
of gas per minute in a circuit of a B, A. imit of resistance. 
Having connected the poles of the cell to be examined 
with the galvanometer by short thick wires (so that the 
interpolar resistance may be left out of account), we find the 
angle to be 51J° (tangent = 1*25). The strength of maximum 
current is 60 X tan. 51J^ = 80 cubic centimetres of gas. 
Include now one unit of the rheostat wire into the circuit, 
the angle falls to 12^° (tangent = -22 = f ). The strength of 
the current is now 60 X tan. 12^° = 13|. In the first case, 

the interpolar resistance, Wy is nothing, therefore 80 = -7 ; in the 

e 
second, 13J = 7 j ^. From these two equations, it foUowa 
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that If the liquid resistaiice within the cell, is % or ^th of a 
B. A. imit, and that e, the electro-motive force, ib 16 — ^that is, 
in a circuit whose resistance is one unit, the electro-motiye 
force would be able to disengage 16 cubic centimetres of gas 
per minute. The same might be found for a baiteiy of 
several ceUs in the same way, only more resistance must be 
included in the circuit to reach accurate results. 

Suppose now that we have nine ceUs similar to the one just 
discussed. Let us, for the sake of simplicity, suppose that thej 
are exactly equal, and that results come out exactly in accord- 
ance with Ohm's law. Practically, this never takes places 
but the discrepancies can be easily accounted for, as thej 
originate in the apparatus, or faults of observation, and not in 
the law. Practical results^ however, are so near the law as to 
leave no doubt of its trutL Let us ascertain how these nine 
cells would act when dififerently put up. One cell, when to a* 0, 
gives a current 60 ; when u; =b 1, a current 13^. Listead of one 
unit of resistance, inteipose say 15, so as to make up the total 
resistance of the circuit to 15*2, or 76 times the liquid resist- 

16 

ance of one ceU. In this case, S = --^ = 1*05. To find 

15*2 

that such is the case, we refer to the galvanometer, where 

we find the needle at l^ Kow, 60 x tan. 1** « 1*05 

nearly. Let us now put up the nine cells in succession, 




Fiff. 86. 



as in fig. 86. Here the electro-motive force of the whole 
battery is nine times that of one cell, or 144, and the 
resistance of the whole is also increased nine-fold, or 
9 X '2 = 1'8, as the current has in the compound cir- 
cuit to traverse nine times the amount of liquid it has in 

144 
one. Thus, 8 = ^,^-^^- 8-6, more than eigH and newly 

nine times the current that one cell can transmit The galvan- 
ometer will confirm this result as in the previous cases. 



Itutead of th« tenaon-anaugGment just iliveatigated, let na 
Lave a q-auktity-aiRiiigeiiieiit of the celb as in fig. 87. The 



electio-motiTe force is not incieaaed, but the ledstance is nine 
timea diminiahed, seeing that the whole acts as one cell of 
10 

nine timea the BOi&ce. Here S = -;t = KW, veiy 

f + 15 

UtUe more than that giren hy one celL Ag^, put np 
the nine cells as shewn in fig. 88, where we have three 
batteries of three cells each, each joining to form one current, 
the whole acting as one hatteiy, with the plates three times 

enlarged. S = -:5 = S"!, or about three times the 

current of one cell Before a large resistance, the surface 
ia beat employed hy being cnt np 
into small cells, arranged succesuTelTt 
than b; having a few large cells. Before 
a small resiBtBiice the i 
3^ maximum ^«t w got w 
total liquid rtMiilaaeevnthin the battery 
M «fuaj to the txtentai or wttetpolar 
Tttitlanee. This, of comae, is only 
practicable when Hie interptjar resist- 
ance is less than the tetdstaiice of all nr. u. 
the cells put together. 

When contdnnoofl woric has to be done by a battery, the 
size of the plates at cells must not be too small, as small cells 
containing Uttle zinc and acid soon become eihauated. Latge 
cella do not befiife great resiBtance give a atrongei current 
than small cells, but they contiiuub in. e£Aiaa.^«.i£n.€(vSssD:i^ 
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time. The quantity, therefore, on the whole, that a lai^e cell 
gives is greater than that of a small cell, although the quantity 
made to flow by it at a time may not exceed that of the small 
cell. 

97. When cells differing both in electro-motive force and 
liquid resistance are put up successively, we have to add all 
the electro-motive forces for the electro-motive force, and all 
the resistances for the resistance of the battery. Thus, if we 
had six cells with the electro-motive forces 9, 8, 7, 10, 6^ 12; 
and the resistances ^, ^, ^, i, ^, ^, respectively, the total 
electro-motive force would be 52, and the total resistance 2, 

52 

and we should have the formula S = ^r— — . If the last two 

2 -h M? 

happened to be reversed and acted in the contrary way, the 
formula would be S = -^ , the total liquid resistance 

being the same as before. 

98. Derived Currents. — Let np (fig. 89) be a rheomotor whose 
circuit is completed by the wire pachn, at a and h attach another 

wire, so that from a to 6 another 
course, adb, is made from a to 
by then the following terms are 
applied. The current which 
originally passed through paebn 
is called the primitive current; 
that which passes through the 
circuit, including the additional 
branch, the principal current; 
that part of the principal cur- 
rent which traverses the course 
acb from a to 5, the partial current ; the other part of it passing 
by adby the additional course, the derived current; a and h are 
the points of derivation, the wire adJb the derived loire, and the 
course a>cb is the interval of derivation. The principal current 
must be stronger than the primitive current, because the 
additional wire from a to & lessens the resistance of the whole 
circuit. It is found that the current passing in the two wires 
Is exactly equal in amount to that passing in the undivided 
wires, pa and In^ and that the paiVa oi ^'ft ^imd^ current 
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passing in (icb and adb are inversely proportionate to the 
resistance each offers. Thus, let the principal current be 24, 
the resistance of the interval of derivation 6, and of the 
derived wire 3, the partial current will be 9, and the derived 
current 15. The same would hold if there were more than 
one derived wire. 




The Physiological^ Heatixig, Luminous^ and 
Electrolytic Effects of the Galvanic 

Current. 

These are developed by the current in its path. 

99. The phynological effects, as shewn by the convulsions of 
Galvani*s frog preparation, were the first observed manifesta- 
tion of the current Fig. 90 shews how these convulsions are 
obtained. The legs of 
a recently killed frog 
are skinned, and the 
crural nerve laid bare. 
A zinc wire, BA, holds 
up the nerve at B, and 
a copper wire, EA, is 

made to touch the legs ' pig. go. 

at E and D. Each 

time that the zinc and copper wire is made to join at A, 
the limbs are convulsed, and the contraction of the muscle 
throws the legs out to the position //. Frog-limbs, as 
prepared by Galvani, when included in a circuit, form 
a galvanoscope of excessive sensibility, which rivals the 
finest galvanometer in delicacy of indication. There is one 
peculiarity in their action which deserves to be noted. The 
limbs contract only when the circuit is closed and opened, and 
remain undisturbed so long as the current passes steadily 
through them. The more frequently, therefore, the current 
IB stopped and renewed, the. greater is the physiological effect. 
The same is experienced when a current is passed through the 
human body. When the terminal wires of a battery axe li&^ 
one by each hand^ except it consiBft oi SiiN^-c^^^^^^'^^''^^^^^^^^^^ ^ 
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time. The quantity, therefore, on the whole, that a lai^e cell 
gives is greater than that of a small cell, although the quantity 
made to flow by it at a time may not exceed that of the small 
cell. 

97. When cells differing both in electro-motive force and 
liquid resistance are put up successively, we have to add all 
the electro-motive forces for the electro-motive force, and all 
the resistances for the resistance of the battery. Thus, if we 
had six cells with the electro-motive forces 9, 8, 7, 10, 6, 12; 
and the resistances J, ^, J, J, J, ^, respectively, the total 
electro-motive force would be 52, and the total resistance 2, 

52 

and we should have the formula S = ^r . If the last two 

2 -h M? 

happened to be reversed and acted in the contrary way, the 

formula would be S = -^ , the total liquid resistance 

2 + to ^ 

being the same as before. 

98. Derived Currents, — Let np (fig. 89) be a rheomotor whose 
circuit is completed by the wire pachn, at a and h attach another 

wire, so that from a to 6 another 
course, (M, is made from a to 
hy then the following terms are 
applied. The current which 
originally passed through paebn 
is called the 'primitive current; 
that which passes through the 
circuit, including the additional 
branch, the principal current; 
that part of the principal cur- 
rent which traverses the course 
ad> from a to 5, the partial current ; the other part of it passing 
by adb, the additional course, the derived current; a and h aie 
the points of derivation, the wire adh the dervoed loire, and the 
course a>cb is the interval of derivation. The principal current 
must be stronger than the primitive current, because the 
additional wire from a to 6 lessens the resistance of the whole 
circuit. It is found that the current passing in the two wires 
is exactly equal in amount to that passing in the undivided 
wires, pa and bn, and that the paxta oi ^<& ^imdi^ current 
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passing in acb and adh are inversely proportionate to the 
resistance each offers. Thus, let the principal current be 24, 
the resistance of the interval of derivation 6, and of the 
derived wire 3, the partial current will be 9, and the derived 
current 15. The same would hold if there were more than 
one derived wire. 




The Physiological^ Heating, Luminous^ and 
Electrolytic Effects of the Galvanic 

Current. 

These are developed by the current in its path. 

99. The physiological effects, as shewn by the convulsions of 
Galvani*s frog preparation, were the first observed manifesta- 
tion of the current Fig. 90 shews how these convulsions are 
obtained. The legs of 
a recently killed frog 
are skinned, and the 
crural nerve laid bare. 
A zinc wire, BA, holds 
up the nerve at B, and 
a copper wire, EA, is 
made to touch the legs ' Fig. go. 

at E and D. Each 

time that the zinc and copper wire is made to join at A, 
the limbs are convulsed, and the contraction of the muscle 
throws the legs out to the position //. Frog-limbs, as 
prepared by Galvani, when included in a circuit, form 
a galvanoscope of excessive sensibility, which rivals the 
finest galvanometer in delicacy of indication. There is one 
peculiarity in their action which deserves to be noted. The 
limbs contract only when the circuit is closed and opened, and 
remain undisturbed so long as the current passes steadily 
through them. The more frequently, therefore, the current 
IB stopped and renewed, the. greater is the physiological effect. 
The same is experienced when a current is passed through the 
human body. When the terminal wires of a battery are lifted 
one by each hand, except it consia^. oi 8iiN^T^\Bx^TCQ3^!c3^c:^ 
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time. The quantity, therefore, on the whole, that a laige cell 
gives is greater than that of a small cell, although the quantity 
made to flow hy it at a time may not exceed that of the small 
cell. 

97. When cells differing both in electro-motive force and 
liquid resistance are put up successively, we have to add all 
the electro-motive forces for the electro-motive force, and all 
the resistances for the resistance of the battery. Thus, if we 
had six cells with the electro-motive forces 9, 8, 7, 10, 6^ 12; 
and the resistances J, ^, J, ^, J, ^, respectively, the total 
electro-motive force would be 52, and the total resistance 2, 

52 
and we should have the formula S = ^r— — . If the last two 

2 -h M? 

happened to be reversed and acted in the contrary way, the 
formula would be S = -^ , the total liquid resistance 

being the same as before. 

98. Derived Currents, — Let np (fig. 89) be a rheomotor whose 
circuit is completed by the wire pacbn, at a and h attach another 

wire, so that from a to 6 another 
course, adb, is made from a to 
b, then the following terms are 
applied. The current which 
originally passed through paelm 
is called the 'primitive current; 
that which passes through the 
circuit, including the additional 
branch, the prmcipal currerU; 
that part of the principal cur- 
rent which traverses the course 
acb from a to 5, the partial current ; the other part of it passing 
by adb, the additional course, the derived current ; a and h aie 
the points of derivation, the wire aM the derived wirCy and the 
course acb is the interval of derivation. The principal current 
must be stronger than the primitive current, because the 
additional wire from a to & lessens the resistance of the whole 
circuit. It is found that the current passing in the two wires 
is exactly equal in amount to that passing in the undivided 
wires, pa and hn^ and that the paita oi liife ^xmR-vgal current 
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passing in (uib and adh are inversely proportionate to the 
resistance each offers. Thus, let the principal current be 24, 
the resistance of the interval of derivation 6, and of the 
derived wire 3, the partial current will be 9, and the derived 
current 15. The same would hold if there were more than 
one derived wire. 




The Physiological^ Heating, Luminous^ and 
Electrolytic Effects of the Galvanic 

Current. 

These are developed by the current in its path. 

99. The physiological effects, as shewn by the convulsions of 
Galvani's frog preparation, were the first observed manifesta- 
tion of the current. Fig. 90 shews how these convulsions are 
obtained. The legs of 
a recently killed frog 
are skinned, and the 
crural nerve laid bare. 
A zinc wire, BA, holds 
tip the nerve at B, and 
a copper wire, EA, is 

made to touch the legs ' Fig. 90. 

at E and D. Each 

time that the zinc and copper wire is made to join at A, 
the limbs are convulsed, and the contraction of the muscle 
throws the legs out to the position //. Frog-limbs, as 
prepared by Qalvani, when included in a circuit, form 
a galvanoscope of excessive sensibility, which rivals the 
finest galvanometer in delicacy of indication. There is one 
peculiarity in their action which deserves to be noted. The 
limbs contract only when the circuit is closed and opened, and 
remain imdisturbed so long as the current passes steadily 
through them. The more frequently, therefore, the current 
is stopped and renewed, the. greater is the physiological effect. 
The same is experienced when a current is passed through the 
human body. When the terminal wires of a battery are Ufted 
one by each hand, except it conEOf^ oi s^-v^T^'Nas^Tssos^cs^c.^ 
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time. The quantity, therefore, on the whole, that a laige cell 
gives is greater than that of a small cell, although the quantil^ 
made to flow by it at a time may not exceed that of the small 
cell. 

97. When cells differing both in electro-motive force and 
liquid resistance are put up successively, we have to add aU 
the electro-motive forces for the electro-motive force, and all 
the resistances for the resistance of the battery. Thus, if we 
had six cells with the electro-motive forces 9, 8, 7, 10, 6^ 12, 
and the resistances ^, ^, ^, ^, ^, ^, respectively, the total 
electro-motive force woidd be 52, and the total resistance 2^ 

52 
and we should have the formula S = s— — . If the last two 

2 -\- w 

happened to be reversed and acted in the contrary way, the 
formula would be S = -^ , the total liquid resistance 

being the same as before. 

98. Derived Currents, — Let np (fig. 89) be a rheomotor whose 
circuit is completed by the wire pacbn, at a and b attach another 

wire, so that from a to & another 
course, adb, is made from a to 
h, then the following terms are 
applied. The current which 
originally passed through padm 
is caUed the primitive current; 
that which passes through the 
circuit, including the additional 
branch, the principal current; 
that part of the principal cur* 
rent which traverses the course 
dcb &om a to 5, the partial current ; the other part of it passing 
by adby the additional course, the derived current ; a and h are 
the points of derivation, the wire adh the derived wire, and the 
course a^ is the interval of derivation. The principal cuiient 
must be stronger than the primitive current, because the 
additional wire from a to & lessens the resistance of the whole 
circuit. It is found that the current passing in the two wires 
is exactly equal in amount to that passing in the imdivided 
wires, pa and hn^ and that the paita oi ^JScift Y"^^^\i^ current 
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passing in acb and adb are inversely proportionate to the 
resistance each offers. Thus, let the principal current be 24, 
the resistance of the interval of derivation 6, and of the 
derived wire 3, the partial current will be 9, and the derived 
current 15. The same would hold if there were more than 
one derived wire. 




The Physiological^ Heating, Luminous^ and 
Electrolytic Effects of the Galvanic 

Current. 

These are developed by the current in its path. 

99. The physiological effects, as shewn by the convulsions of 
Galvani's frog preparation, were the first observed manifesta- 
tion of the current. Fig. 90 shews how these convulsions are 
obtained. The legs of 
a recently killed frog 
are skinned, and the 
crural nerve laid bare. 
A zinc wire, BA, holds 
tip the nerve at B, and 
a copper wire, EA, is 

made to touch the legs ' pig. 90. 

at E and D. Each 
time that the zinc and copper wire is made to join at A, 
the limbs are convulsed, and the contraction of the muscle 
throws the legs out to the position //. Frog-limbs, as 
prepared by Qalvani, when included in a circuit, form 
a galvanoscope of excessive sensibility, which rivals the 
finest galvanometer in delicacy of indication. There is one 
peculiwity in their action which deserves to be noted. The 
limbs contract only when the circuit is closed and opened, and 
remain undisturbed so long as the current passes steadily 
through them. The more frequently, therefore, the current 
is stopped and renewed, the. greater is the physiological effect. 
The same is experienced when a current is passed through the 
human body. When the terminal wires of a battery are Hfted 
one by each hand, except it conEOf^ oi s^-v^T^'Nas^^Tssos^cs^c^ 
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H2,S04 + 0. The liberation of the oxygen thus arises from 
a purely chemical action, subsequent to electrolytic action. 
This is called Secondary Action^ which denotes, as here, the 
action of the liberated ions upon the constituents of the sol- 
vent or substances present in it. Secondary action is well 
shewn by the apparatus that Daniell employed for the electro- 
lysis of salts. This consisted of a voltameter in which the gasea 
were collected separately, having a porous diaphragm dividing 
it into two compartments. When such an apparatus is filled 
with a solution, say of sulphate of sodium, and subjected to 
the current, oxygen and hydrogen are set free, as they would 
be in a voltameter like the one described in fig. 92. At the 
same time soda is formed in the cathode compartment and 
sulphuric acid in the other. The current thus seems to do 
double work ; it appears at the same time to decompose water 
and the sulphate of sodium. This double action must be 
attributed to secondary action. Sulphate of sodium, Naj,S04, 
is decomposed into the cations Na^ and the anion SO4. Na,, 
in the presence of water, becomes soda, Na^O, and liberates 
hydrogen, thus Naj 4- HjO = Na^O + Hj ; and SO4, acting 
also on the water, becomes, as already shewn, sulphuric acid 
and oxygen. Thus the separation of the constituents of the 
salt is due to electric action, and the liberation of oxygen and 
hydrogen to a secondary chemical action. The decomposition 
of water, in an ordinary voltameter, is very probably dvs to 
secondary, not primary action. If it be charged with pure water, 
little or no decomposition is effected, even when the battery 
consists of 30 or 40 cells. On the addition of a few drops of 
oil of vitriol, the gases are disengaged in abundance. It is 
thus, probably, the sulphuric acid that is decomposed in the 
first instance, and the water in the second. Electrolytic 
action splits up H3SO4 into Hj at the - pole, and SO4 at the 
H- pole ; the former is freed, the latter acting on the water 
becomes sulphuric acid again, and liberates oxygen in the 
way just shewn. No sulphuric acid is lost in the operation, 
but it is constantly unformed and reformed. It is considered 
by many authorities that water never yields directly to the 
cmrent — ^that it is not, in fact, an electrolyte. With the 
exception of tkQ case of fused cblonde^ ^iid when one of 
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the poles is eaten away, and the other receives a metallic 
deposit, electrolysis is almost always accompanied by second- 
ary action, it being frequently a matter of difficulty to imravel 
the primary from the secondary action in the results. 

When there are several electrolytes in one decomposing ceUf all 
are more or less acted upon when the current is strong, but 
when it is weak, the action is contined to the best conductor, 
or to the one yielding most readily to the current Water, 
the usual solvent, is never decomposed directly when it holds 
an electrolytic salt in solution, the action being expended 
exclusively on the salt. 

104 When there are several electrolytes each in distinct cells 
in the same circuit If, instesui of one voltameter included in 
the circuit, we have several, we find that, whatever amount 
of gas is liberated in one of these, the same amount ia 
liberated in all, and that independent of the size of the plates 
and amount of acid in each. We learn, therefore, that the 
chemical power of the current is the same at every point of 
the circuit where it is manifested. li^ instead of two or three 
voltameters in the circuit, we had one or two decomposing 
cells of the following description. A test tube, having a 
platinum wire, on which the glass has been fused, passing 
through the bottom, is partially filled with protochloride of 
tin, which is kept fused by the heat of a spirit-lamp. The 
platinum wire at the bottom of the tube forms one electrode, 
and one descending from the top forms the other, dipping 
below the fused chloride. If, then, this cell be included 
in the circuit along with the voltameter, and a similar 
cell containing fused chloride of lead, so that the current 
enters the tubes by the upper electrodes, and leaves by the 
lower, the water, protochloride of tin, and chloride of lead 
are decomposed simultaneously by the current passing through 
each. In the voltameter, hydrogen and oxygen are disen- 
gaged ; in the tubes metallic tin is deposited at the lower 
electrode of the one, and lead at the other ; whilst chlorine 
is liberated at the upper electrodes of both. If, now, the 
quantity of hydrogen, tin, and lead thus set free be weighed, 
it will be found that their weights are in the proportion of 
their chemical equivalents — ^viz., aia \ Vi ^^ Xft \^'^. ^^^-o^ 
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Buch experiments as these, Faraday concluded tliat uhen the 
current passes through a series of binary electrolytes^ consist- 
ing of one equivalent of each of the eUmentary bodies^ the 
quantities of the separated elements of the electrolytes are in 
the same proportion as their chemical equivalents. It is not 
only in cells exterior to the battery that this law holds, but 
in the cells of the battery itself. If the battery which effected 
the above decomposition consisted of six cells, for each equi- 
valent of hydrogen, tin, and lead separated without the 
battery, one equivalent of zinc (= 32) in each cell would have 
been dissolved, and an equivalent of hydrogen disengaged at 
each of the copper plates, if the cells were one-fluid. Hence, 
also, if in any circumstances one cell of say Bunsen's battery 
gives a current as strong as two cells of a one-fluid arrange- 
ment, the Bunsen cell would consume but half the zinc con- 
sumed in the other. Hence the economy of cells of great 
electro-motive force. 

Faraday's law holds also for binary compounds whose 
elements do not stand in the relation of an equivalent of the 
one to an equivalent of the other, but with this modification, 
that the weights of the electro-negative elements alone, separated 
in the action, are in the ratio of their equivalents. Thus, if 
the same current pass through two decomposing cells, one 
containing a solution of the subchloride of copper (CuCl), 
consisting of an equivalent of copper and haK an equivalent 
of chlorine, and the other of the chloride of copper (CuClj), 
consisting of an equivalent of each, the same quantity of 
chlorine will be disengaged in both, but twice as much copper 
is deposited in the first as in the second. Had there been a 
compound of copper with the formula (CuClg) containing an 
equivalent and a half of chlorine capable of decomposition, 
we should expect in the same way that for one equivalent of 
chlorine disengaged there would be |ds of an equivalent of 
copper. Becquerel from such instances expresses Faraday's 
law somewhat to this effect: When the same current passes 
through a series of electrolytes, the weights of the separated 
anions are to each other oa their chemical equivalents. The 
anions here mentioned may be either simple or complex, 
aJihongh the law at first hsA leiexen^^ only to elementary 
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substances. Thus, if one cell contained tiibasic phosphate of 
sodium (Ne^VO^ in solution, and the other chloride of sodium 
(NaCl), one atom of PO4 being equivalent to three of Q, 
for every atom of PO4 set free in the one cell, three atoms of 
CI would be disengaged in the other. The atomic weight of 
PO4 is 95, of 3C1 3 times 36-5— viz., 106*5. The cations and 
anions are disengaged in each cell according to the law (103). 

The amount of decomposition effected by the current is in pro- 
portion to the cwrrent strength. This law has been already 
assumed in the discussion of the voltameter (90). The 
accuracy of this law is somewhat compromised by the fact 
that liquids possess, to a certain extent, the power of con- 
ducting, physically, electricity without electrolytic action, so 
that sdl that passes in this way is chemically lost. For- 
tunately, the error thus introduced is very small, and can be 
therefore practically disregarded. 

Electro-metaUurgy. — ^The application of electrolysis to the 
arts wOl be found in the last section. 



Chronology of Galvanism. 

105. The science of galvanism dates from the close of the 
18th century. In the year 1780, Qalvani, in making investi- 
gations on the nervous irritability of cold-blooded animals, 
discovered by accident that the limbs of a recently killed 
frog, when hung by the crural nerve on a metal support near 
an electric machine, contracted convulsively at the recurrence 
of each spark. This he properly accounted for by the back- 
stroke (48). Six years afterwards (1786), in experimenting on 
atmospheric electricity with frog limbs as delicate electro- 
scopes, he obtained, also accidentally, the same convulsions 
by bringing the copper hook on which the nerve hxmg, and 
the limb itself simultanecmsly in contact with an iron tailing. 
The similarity of the result led him to attribute it to the 
same cause — viz., electricity either existing in the limb itself 
or produced in the conductmg aw oi TCL<^\a2u ^^^jl ^*sosSi»:- 
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ation, he adopted the former hypothesis, and looked upon the 
limb as a self-charging Leyden jar, with the nerve as the 
brass knob and wire ; the interior of the muscle as the inner 
coating, its exterior the outer coating, and the metal arc as 
the discharging tongs. He iirst published his researches in 
1791. Volta, 1792, discarded the account given by Galvani 
of his experiment ; and from the fact that the convulsions in 
question took place with more energy when there were two 
metals in the conducting arc instead of one, attributed the 
source of electricity to the heterogeneity of the metals em- 
ployed. He maintained that at the surface of contact of two 
different metals an electric force arising from their hetero- 
geneity is generated, which throws them into different tensions. 
This doctrine forms the fundamental principle of the c$ntact 
theory of galvanism. In reply to Volta, Galvani proved ijicon- 
testably that the contraction in the limbs of the frog took 
place when only one metal was employed, and even when the 
conductor was not of metal at alL Subsequent discovery has 
proved Galvani to be partly right in attributing the cause 
of these convulsions to animal electricity, and Volta also to be 
partly right in attributing them to electricity generated in tlie 
metal arc, for both causes may be at work in producing tlid 
result. Fabroni, a professor at Florence, was the first (1792) 
to suggest chemical action as one of the causes at work in 
Galvani*s experiment. Volta did not accept of Galvani*8 
vindication, but supported his theory by several apparently 
conclusive experiments. In 1799, he constructed, as the 
crowning evidence of the truth of his reasoning, his pile, and 
with it properly begins the history of galvanism. To Galvani 
is thus due the merit of discovering a new manifestation of 
electricity ; to Volta is due the merit of displaying in it a 
source of power of incalculable importance, and which, but 
for his genius, might have remained among the barren curi- 
osities of science. Hence it becomes a question of some diffi- 
culty to decide to which of the two the science owes its origin 
— ^whether it is to be called Galvanism or Voltaism. Priority 
of discovery has led men generally to decide in favour of 
Oalvam, although Volta has almost equal claim to have his 
name attached to the science. 
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The first account of Volta's pile reached England in a letter 
to Sir Joseph Banks by the inventor (1800). A few weeks 
afterwards, Carlisle and Nicholson decomposed water with it, 
and afterwards several salts. They were the first to use 
platinum electrodes. Davy, in the same year, traced the 
electricity of the pile to chemical action. Wollaston (1801) 
reiterated the same theory, and went the length of attributing 
even frictional electricity to chemical action. He proved like- 
wise the identity of the two electricities, and shewed that, by 
diminishing the electrodes to mere points, the electricity of 
the machine could produce the same chemical effects as that of 
the pile. In 1802, Cruikshank improved the construction of 
the pile, by disposing the plates horizontally in a trough 
instead of vertically in column. The main features of electro- 
chemical decomposition were discussed by Davy in his famous 
Bakerian Lecture of 1806. In 1807, the same philosopher 
obtained, for the first time by galvanic agency, the metals 
potassium, sodium, barium, strontium, calcium, and magne- 
sium. Deluc (1809) first made dry piles of gold and silver 
paper, and these were altered and improved by Zamboni 
(1812). In 1813, Davy discovered the electric light and 
voltaic arc by means of the colossal battery then placed at his 
disposal at the Eoyal Institution. CErsted (1820) first observed 
the action of the current on the magnetic needle ; and a few 
months afterwards. Ampere discovered the law of this action, 
and oiiginated an electric theory of magnets, which has proved 
wonderfully fertile in practical results. In the same year, 
Schweigger invented the galvanometer. In 1825, Becquerel, 
with the aid of his differential galvanometer, investigated the 
conductibility of metals. Kemp, in 1826, first used amal- 
gamated zinc for the galvanic battery. In 1827, Ohm gave a 
mathematical theory of the pile, rigidly deduced from Volta's 
fundamental principle, and in perfect keeping with experi- 
ment. Faraday discovered (1833 — 1834) the definite nature 
of electro-chemical decomposition, and proved that electro- 
chemical and chemical equivalents were identical In 1836, 
Daniell constructed his constant battery. Spenser in England, 
and Jacobi in Russia, made simultaneously (1837) the discovery 
of electro-metallurgy. Grove {i&Z^^ c«vMteo»R.\«^ \iaa* \s5&c^ 
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acid battery. Faraday (1840) proved, apparently beyond 
dispute, the truth of the chemical theory. Joule (1840) dis- 
covered the law regarding the production of heat by the 
current. In 1840, Cooper suggested the use of carbon, and 
Hawkins that of iron, for platinum in Grove's battery. 
Smee's battery dates also from this year. In 1843, Wheat- 
stone, by means of his rheostat and resistance coils, investi- 
gated the resistances offered by various conducting substances 
to the current In the same year Bunsen introduced his 
carbon battery. 

The rivalry which has all along existed between the advo- 
cates of the chemical and contact theories has been highly 
conducive to the advancement of the science, each party 
calling in the aid of invention and discovery to support the 
truth of their statements. Among the more distinguished 
contact-theorists may be mentioned Yolta, Bitter, Pfafif, Biot, 
Deluc, Ohm, and Fechner ; and among the chemical-theorists, 
Fabroni, Davy, WoUaston, Parrot, De La Bive, and Faraday. 
Davy latterly maintained a theory of distribution and equili- 
brium of electricity midway between the two, which num- 
bered among its supporters Jaager, Berzelius, Ermann, and 
FrechtL 



ELECTRODYNAMICS-ELECTBO-MAGNET- 
ISM-CURBENT AND MAGNETO- 
ELECTRIC INDUCTION. 

These all treat of the action of the cnrreat out from its 
path. The first two are closely allied, there being some 
difficulty in drawing the line of demarcation between them. 
With some writers, electro-magnetism includes electro- 
dynamics. 



Electrodynamics. 

Electrodynamics treats of the mutual attractions amd 
repulsions of currents on currents, and currents on magnets. 

106. Currents on Currents, — ^The fundamental principle of 
current attraction is, that parallel currents in the same direction 
attract, those in opposite directions repel. In fig. 93, the action 
in the first case is shewn, A denoting attraction. Hence 
currents, however placed, endeavour to put themselves 
parallel, so as to run the same way. From this may be 
deduced the second principle of current-attraction, that croM 




Fig. 93. Fig. 94. 

or cmgiUar currents attract when they both run from or to 
the point of crossing, hut repel when they run the one tOy Ihe 
other from, the crossing-point The first case is tdiewn in 
fig. 94. From this second principle follows a third regardiog 
currents that are perpendicular to each other, but do not 
cross each other. Let £F (^. 95) be a current at right angles 
to the current BD, or to a plane through it^ and let it come 
up near to C, the croBsing-point. 'Th&cvxccss^'^^^^sSSw^^^^ 
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are of indefinite length, or which is the same thing, they turn 
away from their present direction, so far oflf that the change of 
direction does not affect their action on each other as they 

stand. Then, by the second law, 
EF and CD repel, because they run 
in different directions as regards the 
crossing-point. Let this repulsion 
be shewn by the line oc For the 
opposite reason BC and EF attract, 
and let ad represent the attraction, 
then by the parallelogram of forces, 
the combined effect will be equiva- 
lent to the single force ah, which is parallel to BD. 
Hence, when one current is perpendicular to another current^ 
or to a plane passing through it, the former current is moved, 
backwards and parallel to the latter when it runs towards U, 
and forwards when it runs from it. 

107. These three laws give us the means of unravelling the 
various actions of one current on another. The first two may 

be experimentally illustrated 
by an apparatus such as that 
shewn in fig. 96. The rect- 
angle cdef is movable round 
the pins a and h, resting on 
two mercury cups, which 
act as binding screws to 
complete contact. The 
arrangement is such that 
while the rectangle cdef is 
^d movable about its axis, 
a current can continue 
steadily to flow in it 
Further description is im- 
necessaiy, as the diagram 
explains itself. It can be 
Fig. 96. easily imderstood, that a 

wire conveying a current 

may be placed, with regard to the different parts of the 

rectanglej bo aa to illustrate the tvo ^i^ la.^'K^. Thus^ if a 




BIiECTBODTSAinCB. 



173 



wire convejing a downward cutrent be brought near to cd, 
sa as to be parallel to it, attraction will take place ; if it be 
presented to fe, repulsion will enane, A cnnent-wira held 
homo&tall; with respect to cd can be placed ho as to make 
the currettta both tend to the crossii^-point between (hem, 
oi the opposite, so as to illoHtrate the second law. It may 
be objected, that in this apparatus we cannot examine the 
effect on one part of the ciurent without also taking in the 
other parts of the rectangle, but these last may be made to 
stand comparatiTely ao far off as not to a&ect the main tesult. 
108. The third law may be shewn by an apparatus such 
as that in fig. 97. A is a small circular trench containing 
mercury, suirounded by a coil of insulated copper wire, urw. 
The metal rod, BB, is sur- 
mounted by a small cup of 
mercury. A light copper wire, 
bacd, is poised on a fiiie point 
in the cup m, and its lower ends, 
d, b, dip into the mercury of 
the trench. The circuit is so 
arranged that the current enters 



1 



mm 



to BB (connection not shewn), 

which it ascends, at the cup 

entering the copper wire it 

spills into ttro branches, de- 

ecends along ab and ed to the ||-^ 

mercury, and leaves finally for 1 1 ■ 

the battety at o. As soon as Fig >t 

the circuit is closed, the wire 

baed entera into constant rotation. In the coil the 

current moves contrary to the hands of a watch ; the wire, 

according to the third law, moves backward upon it in 

the direction of the hands of a watch. In the figure the 

horizontal parts of the cnnent nA and ne are so far above 

the current as to affect the motion slightly, if at all. But if 

the upright branches ai> and cd were short, so as to leave 

the motion almost entirely to na and ne, the wire would 

still rotate as before, for the cuneuta nn «^ "m. ve^ ^atk 
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perpendicular to ihe current of tlie coil, though in a diffsrent 
but parallel plane, and both run towards it, thus standing in 
the same relation as before. K the current be reversedy 
the motion of the wire is also reversed. 

109. A curious consequence is considered to follow from 
the second law — ^namely, that since two parts of a straight 
line may be r^arded as standing at a very obtuse angle to 
each other with reference to a point in it, any point in the 
straight line may be looked upon as the crossing-point of its 
two parts. As at the point taken we iind the one part of the 
current approaching the other leaving it, the two parts of the 
current repel each other. Hence the varUms parts of a current, 
in a straight line, repel each other, Faraday, in illustration of 
this, bent a wire in the form of a horseshoe, and made each 
end of it dip into a separate vessel containing mercury. The 
wire was partly silpported by the mercury, and partly by the 
beam of a delicate balance. When the poles of a battery are 
put into the vessels the wire loses weight, from the repidsion 
of the mercury conveying the same current as itself. This 
experiment, it must be confessed, is not quite decisive, as the 
repulsion may arise from the peculiar action of a fluid on a 
solid part of the circuit The mutual action of currents on 
each other was first elucidated by Ampere in 1825. 

110. CwrrerUs on Magnets, — The mutual attractions and 
repulsions of currents and magnets will be best understood by 
following Faraday's first experiment on the subject (1821), 

which we shall here 
quote. Let NS (fig. 98) 
be a magnet, moving 
round its centre C, and 
j-i^ gg let the round black dots 

represent the section of a 
wire, conveying a current perpendicularly to the needle. 
The upright wire is so long that the wire, when it changes 
direction, has no effect on the needle. Suppose we look 
down on the needle, and that the current is upwards. 
Then in the positions, AA', oa', the needle is attracted 
by the current; in KR', r/, it is repelled. At N and 
S, if placed there, the wire •pto^uvi^ no effect Faraday 
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ccmcluded, from this siiigQlaT action, that if the poles were 
fixed the wire would rotate round the north pole in the 
diiectioa RAro, and round the south pole in the direction 
R'AVo* ; and tliat if the poles were free to move about the 
fixed current, the north pole woold rotate in the direction 
ehevD in the circle NB. Experiment verlGed thia conclnaioa. 
Before proceeding to detail the manner in which he effected 
these rotations, we maj note the directions in which these 
lotationa take place, //on obtervor be placed at the north pob 
of a magnet, parallel to a movable eurrent, >o tKat th« eiarmt 
is (WW by him to jUm npmtrdi, the rotation of the ewrent 
Tomid the pole would tyopear to Mm to be from right to left; 
and to (M obeener pheed in a jiaxd eairent, wiQi. the eurrtnt 
entering at hit feet, Q^e twrtk pole of the magnet would appear 
tohim to move round him frora right to left. Thia last iaonlf 
another way of stating Ampere's rule. The directions for 
the sonth pole are the roverse. The apparatna hj which 
Farada}r actuallj effected these rotations was as follows. 
M and N {fig. 99) are two 
veasela containing mercurj, 
with wires ent«ring them 
below, BO as to effect their 
communication with the 
poles of a battery i & is a 
small powerful m^net, tied 
by a thread to the wire at 
the bottom ; F ia a magnet, 
fixed to the bottom of th.e 
Teasel N ; d is a copper 
wire, hung 1^ a. metal hook. 
When the current passes, 
as in the figure, the movable 
magnet b rotates round the fixed wire e, and the movable 
wire d revolves round the fixed nu^et P, ia the direction 
according to the rules just given. If the upper ends of P 
and b be south poles, the rotation of b will be in the tame 
direction as the hatds of a watch, and of il in tiie opposite 
way, 
111. Laiw of EleeWo-magn^io Sotatvnuj— Bic^ «sd.%tetxa^ 




nt.m. 



176 ELBCTBICITY. 

have stated the law of electro-magnetic rotations thus. The 
force with which each element {email part) of a current acts on a 
magnetie pole, stands at right angles to the plane passing 
ihr&wgh the element and the pole, and is always inversely 
proportional to the square of the distance. If such be the 
action of a current on a pole, the pole must act in the 
same way on a current. This law gives the mutual action 
of a current and one pole, but it may be so placed that 
both poles afifect it. The direction, in this case, of the joint 
action of both poles is that of the line of magnetic force at the 
current (2). Hence in any magnetic field, each element of a 
current, wlienfree to move, is urged in a direction at right angles 
to the lines of magnetic force. Ampere's figure in the current 
(entering at his feet), looking to the north pole, will be urged 
towards the right 

112. Action of the Earth on Currents, — ^The lines of magnetic 
force on the earth's surface are parallel to the dipping-needle, 
and currents have a tendency to move at right angles to theuL 
In order to ascertain the action on any portion of a current by 
the lines of magnetic force, we have simply to project it on a 
plane at right angles to the lines of force or to the dipping- 
needle. If the line to be projected lies at right angles to the 
dipping-needle, then its projection on the plane will be of thQ 
same length as itself, and the action of the earth-magnetism 
will be to urge it perpendicular to the lines of force and to 
itself, and in a direction determined by the position of the 
poles of the earth to it. If the line be parallel to the lines of 
force, then its projection will be a point or the section of the 
wire ; and as there can be no perpendicular to such, it is mani- 
fest that the line in this position has no tendency to displace- 
ment under magnetic influence. The force of terrestrial 
magnetism on it is null. A line between these two positions will 
appear shortened when projected on the plane, and the direc- 
tion in which it is urged will be indicated by the perpendicular 
to the projected line. The shorter the line becomes in pro- 
jection, the less it is exposed to the displacing influence of 
terrestrial magnetism. 

Let us apply the principles just stated to the case of the 
revolving wire, ^, 97, when tha coil is placed out of the 
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circuit. Let us suppose the lines of magnetic force resolved 
into two sets, horizontal and vertical lines, as in art. 17. 
Let US confine our attention to one half, na^, of the wire. 
The vertical lines of force have no influence on the vertical 
part, ba, because it is parallel with them, and its projection on 
a horizontal plane would be a point To na, whatever position 
it occupies in its circle of rotation, the vertical lines will be 
at right angles, and exert their full force on it na rotates 
in presence of the north pole of the earth, which, according to 
our way of speaking, is a south pole ; it will therefore rotate 
contrary to the hands of a watch. Let us now see how the 
horizontal lines act ab stands always perpendicular to them, 
whatever be its position. It will accordingly be urged to the 
right as far as it can go, which is in a position in which it 
lies east of BB. Here it will be in stable equilibrium, and 
it will resist being moved westwards one way or other. Li 
this position na would be urged upwards by the horizontal 
lines, which, from its mode of suspension, cannot take place. 
The effect of the horizontal lines on na is to move it down- 
wards in its west, and upwards in its east position, but not 
to interfere with its motion in a horizontal plane. In the 
position in which nab stands east of BB, it becomes a question 
of strength whether na shall carry it on, or ab keep it standing. 
If it is to rotate, aJb must be made shorter than na. If both 
halves be now taken into account, cd and aJb will have a 
tendency to place themselves both east of BB; they will 
therefore counteract each other, and leave the motion of the 
wire to na and nc, which will keep it in constant motion. 

On a closed circuit, such as that of fig. 96, the effect of 
terrestrial magnetism will be to place the plane of it at right 
angles to the magnetic meridian. The horizontal parts will 
have no effect The whole will be left to the vertical currents, 
which, passing the one up the other down, will place them- 
selves, cd to the east, ef to the west It is from the conflicting 
action of its parts that a closed circuity as a whole, cannot con- 
tinue to rotate in a magnetic field. 
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Electro-magnetism. 

Mectro-magnetism includes all phenomena where magnetism 
is produced by an electric current. In the description of 
galvanometers some of the principles of electro-magnetism 
have been already discussed. 

113. Amperes Theory of Magnetism, — This theory forms the 
link between magnetism and current electricity, and gives a 
simple explanation of the electric action and constitution of 
magnets. Ampere considers that every particle of a magnet 
has currents circulating about it in the same direction. A 
section of a magnet, according to this theory, is shewn in 

fig. 100. All the separate cur- 

y^^^^^ rents in the various particles 

^^^B^ m&j, however, be considered 

to be equivalent to one strong 

current circulating round the 

11^100. n^ioi. w^ole (fig. 101). We are to 

look upon a magnet, then, as 
a system, so to speak, of rings or rectangles, placed side by 
side, so as to form a cylinder or prism, in each of which 
a current in the same direction is circulating. Before 
magnetisation, the currents run in diflferent directions, so 
that their effect as a system is lost, and the effect of 
induction is to bring them to run in the same direction. The 
perfection of magnetisation is to render the various currents 
parallel to each other. Soft iron, in consequence of its 
offering no resistance to such a disposition, becomes more 
powerfully magnetic under induction than steel, where such 
resistance exists. 

Experiment very strongly confirms the truth of this theory. 
Helices of copper wire, in which a current is made to circulate, 
manifest all the properties of a magnet. Such are shewn, in 
skeleton, in figs. 102 and 103. Each convolution of the spiral 
may be taken as a substitute for one of the rings above spoken 
o£ In helix, Ag. 102, the current, after entering, goes from right 
to left (contrary to the hands oia"wai^\L)^«3MiTi^ hftnce called 
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left-handed ; in fig. 103 it goes with the hands of a watch, and 
is right-handed. The extremities of both helices act on the 
magnetic needle like the poles of a magnet while the current 

Fig. 102. 

passes. The poles are shewn by the letters N and S, and this 
can be easily deduced from Ampere's rule ; for, suppose the 
little figure of a man to be placed in any part of the helix, fig. 





Fig. 103. 

102, so that while he looks towards the axis of the helix the 
current enters by his feet, and leaves by his head, the north 
pole will be at his left hand, as shewn in the figure. In the 
left-handed helix (fig. 103), the poles are reversed according to 
the same rule. Or, if we suppose the figure to lie in the axis 
of the magnet with his feet to the south, and his head to the 
north pole, the current of the helix, or the molecular currents 
of the magnet, appear to him to run from right to left, or 
contrary to the hands of a watch. In fact, a single ring, as 
weU as a system of rings, conveying a current has magnetic 
sides, that being north on which the current appears to go 
contrary to the hands of a watch, and that south on which it 
moves with the hands of a watch. K either of these helices 
be hung so as to be capable of horizontal motion, which 
by a simple construction can easily be done, as soon as 
the current is established the north and south poles place 
themselves exactly as those of the magnetic needle would do ; 
or if they were hung so as to be able to move vertically 
in the magnetic meridian, they would take up the position of 
the dipping-needle. When the helices are so hung, the wires, 
going in a spiral to the end, must be brought back again in 
a straight line to the middle. When they are so constructed, 
they receive the name of solenoidB. l\i \a iovai^Xs^ ^ss;:^^8SEsssiss52is. 
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that a sinuous current destroys the effect of a straight current 
of the same length as its axis. The longitudinal effect of 
the solenoid — ^that is, its action in the line of the axis — is 
null, as the effect of the straight current going out £rom the 
middle is neutralised by that of the sinuous current returning, 
and vice versd. The magnetic properties of the solenoid are 
thus due solely to its being a system of parallel currents. 
Weber has shewn that coils of wire act on each other uot only 
in kind but in amount as magnets do. 

Ampere's theory explains very satisfactorily why like poles 
repel, and unlike attract. Figs. 104 and 105 shew this. Two 
north poles near each other (fig. 104) have opposite currents 
on their adjoining side, and repel each other in consequence 
(106). A north and a south have similar currents, and attract. 





Fig. 104. 



Fig. 105. 



If the north pole of a magnet were placed parallel to BB 
in fig. 97, the coil being left out of the circuit, the rotation 
would take place as shewn in the figure ; if the south pole be 
put in the same place, the motion of the wire will be reversed. 
According to Ampere's theory, it may be also easily explained 
why a closed circuit rests in equilibrium at right angles to the 
magnetic meridian, and why the axis of a magnet which lies 

in the axis of a series of 
such closed circuits places 
itself in the meridian. The 
earth, being a magnet, has 
currents circulating about« 
it, which must be from east 
to west, the north pole of 
the earth being, in our 
way of speaking, a south pole. A magnet, then, will not 
come to rest till the currents moving below it place them- 
selves parallel to and in the direction of the earth's currents. 
This is shewn in fig. 106, where a section of a magnet is 
represented in its poBitvou oi x^^ TjnJCia. T^\sw?aRfii \a tba 
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Fig. 106. 



BLECmO-UAaNETISU. 181 

earth-oarreiit The appei coirent being further away from the 
earth-CDirent, is less affected by it, and it is the lower current 
that deteinunes the poaition. A mimetic needle, therefore, 
tnms towanlB the north to allow the ouirenta moving below 
it to place themselTes parallel to the earili's current 

114. Ehctro-magTittt. — Perhaps the Btrongest proof of the 
truth of Ampere'a theory is the &ct that when a current wire 
je coiled round a piece of soft iron, the iron becomes for the 
time powerfully magnetic. The general form of an electro- 
magnet {b shewn in fig. 107. 
It con^ts of a round bar of 
soft iron bent into the hoiseshoe 
form, with an insulated wire coiled 
ronnd its extremities. When a 
current passes through the coil, the 
soft iron bar becomes instantly 
magnetic, and attiacts the armature 
with a sharp click. When the . 
current is stopped, tiiis power dia- 
s^pean as suddenly as it came. 
Electro-magnets fax ootnTal per- 
manent magnets in strength. Small 
electro-magaeta have been made ^^ j» 

by Jonle which support 3G0O times 

their own weight, a feat immeasurably superior to anything 
performed by steel magnets. When the current is of moderate 
strength, and the iron core more than a third of an inch in 
diameter, the magtieHrm, indxieed it in proportiim to tA« strength 
f^ the earrent, and of the nvmier of twmt in the coiL It is of no 
importance whether the coils be placed all over the magnet or 
accumulated at the ends. When the boi is thinner than one- 
thiid of an inch, a mnTJinnin ia soon reached beyond which 
additional tnms of the wire give no additional nu^etism ; 
and even when the core is thick, the advantage gained by 
increasing the number of coils may be lost by the long circuit 
reducing the strength of the cnttent. The maximum that 
can be reached is, in difCerent magnets, proportional to the 
area of section, or to the square of the diameter of the core. 
It is found also, when the mass of tk« exmstosft S& «n{;i^ Mi 




182 ELKCTRIOITT. 

that of the core, that the weight which (he Tnagnet sustains 
is in proportion to the squares of the strengths of the currents. 
The length of the electro-magnet has no other advantage than 
that of insulating the poles, the one from the other. When 
the core consists of a bundle of insulated wires, it is capable of 
greater magnetisation than when it is solid. The rust that 
sooner or later forms on iron wires is sufficient insulation. 
The electro-magnet, from the ease with which it is made to 
assume or lay aside its magnetism, or to reverse its poles, is of 
the utmost value in electrical and mechanical contrivances. 
That the electro-magnet may quickly acquire, and as quickly 
lose its magnetism on closing and breaking the circuity it is 
necessary that the iron be perfectly pure or soft, and well 
annealed. It is also necessary that the armature be kept just 
short of touching, for when it is in contact, a residuum of the 
induced magnetism lingers in it and in the core afber the 
current stops. Under current induction the various molecular 
currents, according to Ampere's theory, place themselves parallel 
to each other, and act powerfully in concert The direction 
of the current and the nature of the coil being known, the 
poles are easily determined by Ampere's rule. 

115. Magnetic Tick. — ^When an iron rod is made to rest on a 
sounding-board, such as the body of a Mdle> and placed in the 
centre of a powerful coil, each time the current is broken a 
distinct tick is heard from the rod. If a file be placed in the 
circuit, so that a wire when it slides along will alternately 
close and open the circuit, the rasping noise of the wire sHding 
along the file will be distinctly rendered by the rod, each 
interruption giving rise to a tick ; the series of ticks being in 
the same order exactly as the series of noises at the file. 
According to Wertheim, the tick is due to the sudden shorten- 
ing which the rod experiences on being demagnetised. He 
shewed that at magnetisation the rod was lengthened but very 
slightly. According to Joule, if the rod be magnetised to 
saturation the lengthening amounts to rr^th of its length. 
The tick is heard more distinctly if, instead of the rod, a piece 
of thin sheet-iron be roUed up so that its edges just overlap. 
The application of this magnetic sound to the conveying of 
musical Bounda, is described undei Tcle^\v.QirL^. 
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Cnrrent Induction. 

116. ThefiindcmeTUdl Icm of cairent induction may be thus 
shewn. Two long copper wires, fp (fig. 108) and «, are fixed 
80 as to be parallel and close to each other. The extremities 
of the one, fp, are in connection with the poles of a galyanic 
battery, E, and those of the other, m, with the binding-screws 
of a galvanometer, G. The instant the circidt of the battery- 
is completed, and the current sent along fp, a current in the 
opposite direction is induced in the wire m, which is shewn by 
the deflection of the needle of the galvanometer. This induced 
current is only momentary, for though the current continues 
to circulate in j9p, the needle soon falls back to its original 
position of rest, and the wire ss gives &ee passage to other 
currents, and appears to be in no way affected. If, now, when 
the needle is at rest, 
the battery circuit be ^' 

broken, and the cur- 
rent in pp stopped, 
another momentary 
current is indicated 
by the galvanometer 
needle, but in this case Fig. log. 

in the same direction 

as the inducing current The inducing wire and current are 
called primary, and are so distinguished from the induced 
wire and current, which are termed secondary. The passive 
condition of the wire while thus imder induction has been 
described by Faraday as eUctro-tomc. An electric throb, so to 
speak, marks the setting in of this state, and another its 
vanishing ; the former in the opposite direction to that of the 
inducing current, and the latter in the same direction. If the 
primary wire, pp, be movable, so that it can b^ suddenly 
brought near to, and withdrawn from the secondary, m, while 
the battery current passes steadily, currents are induced as in 
the former case, the approach of ^e wire being marked by an 
inverse current^ and its withdrawal \rf o^ ^s»cX» ^\\&. lissJNssQs^ 
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however, aa the primary wire remains in anf one position, all 
evidence of electricity in the secondaiy wire disappears ; but 
if in thi« position the strength of the primaiy current Bhonld 
be iDcreaaed or diminiahed, momentaiy catrenta in the 
secondary wiie would again mark the changes in the primair, 
the increase causing an inverse, and the decreaae a direct 
current. Hence we conclude, that a ewrent vihith begiTu, a 
current tdiich (vpproaeket, or a current urfiicfi inereaie) in strength, 
iaduca an itwerte nwmentary m/rrent in a neighboaring ctmdaet- 
ing dreail, and tliat a cwTent vihith *lop>, a eurrent which' 
retirei, or a currant fohidi dtcreaeet in ztrengtk, ind/acei a direct 
nwmmtaTy ciarmt in a neighbouring ciTciiit, For inverse, the 
wonl neg<Uive, and for direct, the woid posUivt, are frequently 
employed in reference to induced currents. 

1 17. In experiments like the aboTe,it is much more convenient 
to wind the primary and secondaiy wires side by side round 
a bobbin, so as to form a i 
as in fig. 109. The wires 
insulated from each other by 
a covering of wool or silk. / 
Not only does such a disp(ffii- 
tion admit of very long wires 
being used, but it also disposes 
the wires employed to greater _ 
advantf^e, for each single turn '-4 
of the primary wire acts not 
only on the corresponding turn 
of the secondary wire, but on 

all the turns near it The inductive effect of such a coil is 
much greater tlian that which would be obtained by the same 
extent of wires ru nn i n g side by side in a straight or crooked 
line^ It is not even necessary that the two wires be wound 
round together ; each may be wound on a separate bobbin, and 
the one placed inside the other, as in fig. 110. The primary 
coil, P, here represented, ia made of wire ijth of an inch in 
diameter, covered with wool ; and the secondary coil, S, of 
sill[;-covered wire, about -^th of an inch, and much longer than 
the primaiy wife. With two such coila, the illustration of the 
preceding prinQi^lm of induction t«n "te ccwcoiuitlY gjven. 
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If the primary coil be placed in the ciicmt of a galvanic cell, 
by two loose and flexible wires, bo as to allow of its easy 
motion, and if the terminal binding-acrewa of the secondary 
coil be placed in connection with a galvanometer, when P is 
inserted into S, a momentary inveise current h indicated, and 
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when it is removed, a momentary direct one ; or if, when P 
remainB in 8, the Btrength of the primary current be altered, 
the needle announces the induction of currents according to 
the principles stated above. In order, however, to obtain the 
greatest effect from the secondary coil S, it JB neceseary, whilst 
P remains within it, to have sotne means of continuously 
completing and breaking the primary current A contrivance 
for this purpose is called a rhiotmn, or current-breaJt. A simple 
rheotom may be made of a common file, by holding one wire 
from the battery against the end of the file, and running the 
other along the teeth, the current being stopped each time the 
wire leaves a tooth. la this way, a rapid series of inter- 
ruptions is ellected, each of which is attended by an inverse 
and a direct current in the secondary wire. A break of the 
same description, bnt more constant, may be also made by 
causing a metal spring to press against the teeth of a metal 
wheel, both spring and wheel hebg conneoted with the 
hatteiy. As die wheel is tora^ Yi^ & "^isi^il^, 'i^«> 's^gtsxi^ 
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breaks the contact each time it slips from one tooth to another. 
The most convenient form of bieak, however, is one which is 
made self-acting by the action of an electro-magnet, which 
receives the name of a magnetic hammer. One form of this 
instrument is shewn in fig. 111. 

118. Quantity and Tension of Induced GurremU, — ^Let ns place 
the coil P within S ; let P, along with a self-acting rheotom, 
be put in the circuit of a galvanic cell, and let S be connected 
with a galvanometer. The interruption in the primary 
current being effected by the rheotom with great rapidity, the 
induced inverse and direct currents are sent with correspond- 
ing rapidity through the coil of the galvanometer. If this last 
be of a short and thick wire, so as not to tax the tension of 
the current transmitted, the induced currents will not deflect 
the needle ; or if they should happen, through the unsteady 
action of the break, to do so, it only oscillates round its 
position of rest This proves that the guamtity of electricity 
transmitted by (he induced inverse cmd direct currents is the same, 
for they each exert the same influence on the needles. But if 
the coil of the galvanometer consist of a long fine wire, the 
needle is kept deviated in a direction which argues the action 
of the direct current This leads us to conclude, that both 
currents, though equal in quantity, are unequal in, tensum, the 
direct current having the highest tension, for it has more power 
to force its way through the fine wire of the galvanometer than 
the inverse. Other proofs of the same principles may be eadly 
furnished. According to Muller, the tension of Uie induced 
current is proportional to the strength of the primary current and 
to the square of the resistance in the secondary coil, and inversely 
proportionate to the duration of the secondary current Hence, 
the longer and thinner the secondary coil, the greater the 
tension of the induced current 

The difference of the tension of the two induced currents 
is accounted for in this way : when a change takes place in 
the primary current, the quantity of the electricity induced 
by it in the secondary wire is the same whether this change 
takes place quickly or slowly ; the tension, however, is very 
different When the change takes place slowly, the toted 
quantity of electricity in ciicxxVsAion. cAfoSc^firaj^ '^ igoaa as 
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slowly, and there is little in motion a^t one time ; but when 
the same occurs quickly,. it is sent with momentum, so to 
speak, and the quantity in circulation at one time is as much 
greater, in comparison with the former case, as the time is 
shorter. It is this quick dispatch of electricity which consti- 
tutes the tension of the current. Now, as it takes some time 
before the primary current is fully established, the inverse 
induced current is slow and of low tension ; but when the 
contact is broken, the primaiy current ceases much more 
suddenly than it began, and the direct induced current is 
quick and of high tension. This view of the matter is borne 
out by experiment, for it is found that whatever favours the 
suddenness of the changes of the prima/ry current, heightens the 
tension of the awrrents induced ly these cha/nges. The break, 
from this circumstance, forms an important element in the 
construction of all induction apparatus. 

Iron Gore of Primary Goil — The inductive power of P, fig. 
110, is immensely increased by putting a bar of soft iron in 
the heart of it, or, better still, a bundle of iron wires. The 
iron wires must be insulated, which is sufficiently effected by 
the rust that gathers on them. In a solid bar, currents are 
formed which impede the sudden cessation of the primaiy 
current. These, however, cannot be formed in the bundle of 
insulated wires. For the same reason, no tube of metal must 
be used in the construction unless it have a longitudinal slit 
in it, making the section of the tube a broken ring. The 
use of this iron-wire core in all induction apparatus, 
makes their effect more attributable to magneto-electric 
than purely current induction. The excitation of magnetism 
in the core is the principal aim of the primary coil, and as a 
strong current is essential to that object, it is made of thick 
wire and of moderate length. In the secondary coil, the 
tension of the induced current alone is aimed at, and with 
this view it is made of as thin wire as can be made, so as to 
admit of as many turns as possible being brought within the 
influence of the core and primary coiL The electric confor- 
mation of the secondary coil is sometimes looked upon in the 
same light as that ^ a galvanic battery. The total electro- 
motive force of the coil is the sum of ttk&t oi ^ ^^ \2qsc^ \sv 
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it, in the same way that the electro-motive force of the 
battery is proportionate to the ntunber of cells. 

119. Extra Owrrent — ^Not only does a galvanic current induce 
electricity in a neighbouring circuit, but it also acts indue* 
tively on itself When contact is broken in a battery circuity 
the galvanic spark is seen. When the wire is short, the spaik 
is feeble, but it increases in brilliancy with the length of the 
circuit, and this becomes particularly observable when the 
wire is wound round in a coil. This certainly does not arise 
from the current being strong with the long wire, and weak 
with the short one, for quite the reverse is the case, as might 
be shewn with the aid of a galvanometer. The real cause of 
the superior brilliancy of the galvanic spark with the long 
circuit is to be found in the induction of the primary current 
on the various parts of itself, exciting, as they are called, esttm 
currents in the primary wire. It has been fully attested by 
experiment, that at the instant a galvanic cwrrent begins <md 
ends, extra currents are induced by the action of the several 
parts of its cvrcmt upon each other, that at the begimiing 
of the current being inverse, and that at the end direct. 
As the extra current inverse acts opposite to the main 
current, it does not appear as a separate current, but only 
retards the instantaneous passage of the main current. The 
extra current direct succeeds the main current, and has 
consequently a separate existence. It is what is generally 
referred to when the extra current is spoken of. This extra 
current is of much higher tension than the original current. 
The eflfect of the extra current on the direct induced current 
of the secondary coil is to lessen very decidedly its tension. 
K a way be made for the extra current, the tension of the 
induced current falls prodigiously. In a large coil-machine, 
which gives freely sparks of one or two inches in length, when 
the two portions of the break are joined by a thin wire, so as 
to allow the extra current to pass, sparks will not travel 
between the two poles, however near they are brought. When 
no such communication exists, a portion of the extra current 
leaps over between the separating parts of the break, and in so 
far diminishes the intensity of the secondary current. The 
condenser of the coil-msuclmi^ \^\)^ Ql\>^T7rQsd& dfisicribed, has 
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for its object the absorption or anppreaeion of tJie eitra 
current, but the manner in which it effects this ia not yet 
propcilj explained. The prejudicial effect of the extra 
current on the induced current is eaaily understood, whan we 
bear in mind that it prolongs the cessation of the magnetisin 
of the core and of the current in the primary coil, and thus 
impuring the suddenness of this change, reduces the tension 
of the induced current 

120. IndviCtiari Coil. — The essential parts of this apparatus 
liBve been already described in detaiL A primary coil with 
its core of iron wire, and a secondary coU exterior to, and 
insulated from a primary coil, form the main portion of the 
inatnmieut. The primary coil is connected with the poles of 
a, galvanic battery, and in the circuit a rheotom is introduced, 
to effect the interruptions of the current essential to its inductive 
action. A commutator and condenser are also essential parte 
connected with the primary circuit 

The rheotom is shewn in fig; 111. A is an iron plate, Into 
which the ends of the iron wires forming the core are fixed, 
and which serves as an anvil for 
the hammer H. H has for its 
shaft the stiff spring D, which keeps 
p hack, and eiaa forms part of the 
primary curcuit p is a little pro- 
j ecting nipple tipped with platin um, 
< is a screw, the end, j/, of which 
is also tipped with platinum. C, 
an upright brass standard, also 
forms part of the circuit When 
the circuit ia closed, A becomes 
magnetic, sud draws away H from 
p'. The primary circuit formerly 
closed at p and }/ is now broken. 
A loses its magnetism, and H, 
under the iniuence of the spring D, 
is taken back to p'. The circuit is again closed, A again 
becomes magnetii^ and thus H ia kept oscillating with great 
rapidity between A and p", alternately opening and closing the 
primary circuit 6 is a at ..-—-- 




Fig. 111. 
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The tommaiatoT conmets of a cylinder of ivoiy, irith 
two biasa pUtc« attached to its AAea, moring on a 1^188 
axis, supported by two bress standaids. (hie axis does 
not go throi^h the whole way, so that two dirtinet pieces of 
biasa serve as an axis. One of tiie standsids is connected 
irith the +, the other with the — pole of the batteiy. Each 
plate commonicatea with one of the standards, so that tbe 
plates foim the poles. A spring preases against the cylind^, 
either on the plateg or on the ivory. These spiings fotia part 
of l^e dicnit ; when the springs press against the platea the 
cmrent flowB, when the plates aie reversed by a handle 
attached to the cylinder, the current is reversed. 

The eondeiuer conBists of several sheets of tinfoil and oiled 
taSk, laid alternately the one above the other. The fint, 
third, fifth, &c. sheets of tinfoil are connected by strips of the 
same material ; so are the second, fourth, sixth, &c ; the 
whole forming a condensii^ apparatus like a Leyden jar, 
the odd sheets forming the one coating, and the even sheets 
the other. Each set of sheets is connected with one of the 
wires of the ptimary coiL The condenser is generally placed 
in the sole of the instrument, and does not meet the eye. 

An induction coil, as cimstnicted by Ladd of London, ia 
repreBentedinfig.112. The forms under which the instniment 




ajpeats ate very various, and the one in the figure only setres 
to shew the general requirements in its construction, Hie 
two binding-screws, p and n, ate for the battery wires ; C is 
the commutator. The two coUs, W, lie horizontally on the 
Bole of the ioatrament, S. The efeccmdKcy ooil alone is seen. 
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the primary being within it and out of view. The breaking 
hammer, being behind the coil, is likewise not shewn. The 
condenser is contained by the box which constitutes the sole, 
and. a conducting connection is established between its coat- 
ings and the wires of the primary coiL The terminations of 
the secondary coil are fixed to the heads of the glass pillars, 
P, F, which are famished with pointed rods capable of 
Tmiversal motion. The excellence of the instrument depends 
on the proper insulation of the secondary coiL The bobbin 
must Be made of glass, gutta-percha, or (best of all) vulcanite, 
80 as to prevent the induced electricity from reaching the 
ground by the primary coO. Care must also be taken to 
insulate the dijSerent parts of the secondary coil from each 
other. If this were not done, the spark which completes the 
secondary current, instead of taking place at the rods, the 
place at which it is wanted, would pass within the coil itself. 
It is necessary, in consequence, to have each layer of the coil 
insulated from the other, by interposing gutta-percha paper, 
and cementing it with a hot iron to the sides of the bobbin. 
The induced current must thus pass through all the turns of 
the wire, and is prevented from, shortening its course by 
leaping over one or more layers of the coiL 

121. Experiments with (he Induction CoiL — Say that we 
experiment with a coil like the one shewn in ^g. 112, about 
one foot long and nearly six inches in diameter, which yields 
readily sparks of from four to five inches with a battery of 
six Bunsen cells. After connecting the battery wires, and 
setting the commutator so as to complete the contact, let us 
place the movable rods within an inch of each other. An 
uninterrupted rush of sparks is transmitted between the points 
of the rods. The sparks are not the clear single sparks of the 
electric machine, but seem to be made up of several sparks 
occurring at the same instant, which are white and crooked. 
These are enveloped in a luminous haze, or aureole, which can 
be blown away by the breath, and thereby separated from the 
white spark which cannot be so removed. The aureole is 
repelled by the poles of a powerful electro-magnet, whilst 
the white spark is not affected by it. As the rods are with- 
drawn from each other, it disappears, ood. ^Vi^u ^kLVs^ ^i^sks^ 
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above three anches apart, the spark resembles in every respect 
the forked single spark of a powerful electric machine. When 
the points are withdrawn beyond striking distance, electric 
brushes still play between them, which become visible in a 
darkened room. If the hand be brought near the rod con- 
nected with the exterior end of the coil, sharp stinging sparks, 
two or three inches in length, are got. The rod connected 
with the inner end does not yield them so readily, and this 
is the same whether it be the. + or — pole. Each pole of the 
induction coil is the seat of two opposite electricities, alteiy 
nating with each other, alike in quantity, but differing in 
tension, and this accounts for the resemblances and differences 
between the coil and machine electricities. A Leyden jar 
may be charged, but not to the same extent as by the electric 
machine, if one of the wires be connected with the outer 
coating, and the other brought within an inch of the 
knob. The jar on being removed may be discharged by 
the tongs (fig. 54). When the poles are put in connection 
with the coatings of a Leyden jar, and the points placed 
within half an inch of each other, the sparks passing between 
the points are much more brilliant, and the sharp snap 
of the simple spark grows into a loud report The Leyden 
jar effects a condensation of the electricity of each direct 
current, and each spark discharge takes place in shorter time, 
and consequently with greater intensity. The condensed 
epark punctures paper and the. like with great facility, but it 
is of very low heating power. The imcondensed spark, more 
particularly the hazy spark, got when the poles are near 
each other, kindles paper, gunpowder, coal-gas, and other 
combustibles, with great readiness. The power of the 
direct induced current of even large induction coils to deflect 
the magnetic needle, and to effect chemical decomposition, is 
very insignificant This shews that it is very much inferior 
to the inducing current in quantity, however much it may 
be superior in tension. The physiological effect, on the other 
hand, is tremendous, and the experimenter must take care 
not to allow any part of his body to form the medium of 
communication between the poles, as the shock so got might 
be dajjgerouB, if not fataL 
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' When the induced current is made to pass through nearlji^ 
vacuous spaces, a very splendid effect is produced. The 
electric egg (fig. 113) is employed to display this. It consists 
of a glass vessel in the shape of an egg, with an open neck 
above, and another below. Brass fittings are attached to 
these. The lower opening is fitted with a stopcock, and can 
be screwed to the plate of an air-pump. A brass rod and ball 
rise a short way into the egg. The fittings 
above are intended to allow of a rod end- 
ing in a ball passing up and down air-tight, 
80 that the two balls can be conveniently 
set at different distances. When the ^g 
is exhausted, and the wires from the coil 
are attached, the one above aujd the other 
below, a luminous glow extends between 
the balls, which is wide in the middle, 
and contracts at either extremity. When 
the exhaustion has reached one-twelfth 
of an inch, as shewn by the gauge of the 
air-pump, black bands are seen to lie 
horizontally in the light, so as to wear 
the appearance of stratification, as shewn 
in the figure. These occur more readily 
when a drop or two of turpentine, alcohol, 
or ether have been introduced into the 
egg. The cause of the stratification is as 
yet a matter of speculation. The ball 
which forms the — pole is enveloped in a covering of blue 
light The glow, which is of a beautiful mauve tint, appears 
to proceed from the + ball, and reaches nearly to the — ball, 
from which it is separated by a well-marked non-luminous 
space. By means of the commutator, these appearances at 
the balls can be instantly transposed. Serving the same pur- 
pose as the electric ^g, there is a great variety of vacuum 
tvJ)6S hermetically sealed and ready for use at any time. 
These having been first filled with particular gases, and then 
exhausted, exhibit lights of various tints, according to the gas 
contained by them. 

Wrighfs Electric Cohesion Figv/res, — ThssA ^xa ^a& \ft "^s^ 




Fig. 113. 
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Strethill Wiight (1863). A clean sheet of giam is kid on a 
plate of blackened metal, and a drop of liquid is placed on tba 
middle of it One of the polea of the coil is connected witit 
the metal plate, and the othei made M dip into the drop. 
When the coil is set in action, branches issue from the dxop, 
and Hpread themselres over the plate. The shape of the figme 
thns formed ia determined by the nature of the cohesion exist- 
ing in the particles of the drop, and between the drop and the 
glass. Hence, when the various adds and solutions of salts 
axe treated in this waj, we obtain an endless -varietj of figures. 




Mica may be snbstdtnted Ibr glass, the fignies fonned on it 
being even more Tuions. A change in the fignre is also got 
1^ reveisbig the pole. Fig. 114, drawn by Di Wii^t, shews 
the + figure of cyanide of potassinm on washed mica; a small 
coil giving a spaik of jth of an inch can produce these figures. 
They may be also shewn by frictional electricity, Dr Wright 
has also oblained very laige and fine figures by the electricity 
of deavage. He places the drop on a dear sni&ca of fceahly 
split mica, and breathes on it, when it expands into a figure. 

Cottdvctimty of Flame.— Wbea one wire of the coil ia ccot- 
ziected by s BnDsen lamp, sod ths Qthar held six or sewn 
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inches above the mouth of the burner, no spark passes. 
When the lamp is lit, they pass readily, shewing flame to 
be a conductor. Let us now lift up the wire above the flame 
so that the sparks again cease to pass. When common salt is 
put into the flame, the sparks instantly reappear, shewing 
that the salt heightens the conducting power of the flame. 
The effect of salts in improving the conducting power of 
flame was first shewn by Dr Wright (1863). 

Chronology of Gurr&nt Induction, — ^The discovery of the 
power of electric currents to induce currents in neighbouring 
conducting circuits is due to Faraday. His researches on the 
subject, named by him voltoreUctnc induction, were published 
in the Philosophical Transactions (1831—1832). Henry 
(1832) observed that when contact was broken in a long 
galvanic circuit a bright spark occurred, which did not occur 
when the circuit was short This was shewn by Faraday 
(1834) to be due to the extra current induced by the various 
parts of the circuit on each other. Bachhoffuer and Sturgeon 
(1837) shewed the superior action, in induction apparatus, of 
a bundle of iron wires to that of a solid bar of iron. Henry 
(1841) studied the inductive action of induced currents of 
different orders. Euhmkorff constructed (1860 or 1851) the 
first so-called induetion coily the excellence of which was 
chiefly attained by the proper insulation of the secondary coiL 
Fizeau (1853) increased immensely the power of the coil, by 
providing it with a condenser. Of late years, coils of great 
power have been constructed, rivalling, if not exceeding, 
the most powerful electric machines in length and power of 
spark. 



Magneto-Blectrio InductioxL— Magneto^ 

Electricity. 

Magneto-eUctridty includes all phenomena where mag* 
netiam gives rise to electridly. There are practically two cases 
of it, namely, when the current is induced in a coil of insulated 
wire, and when it is induced in conduc\ix^^^^^aiKR^ 



Cnirenti Indnoed by Magiieti in Colls of Win. 

122, Sow a Current it indtieeA tji a CM by a Magnet— 
When a coil, in which a current circulates, is quickly placed 
vrithin another, coil unconnected with it, a contrary induced 
current in the onter coil marks its entrance, and when it is 
withdrawn, a direct induced current attends its withdrawal 
(117). Change, whether in the position or current strength 
of the piimarj coil, induces currents in the secondary boil, 
and the intensity of the induced corrent ia in proportion 
to the amount and suddenness of the change, tn singular 
confinnatiou of Ampere's theory, a permanent bar-magnet 
may be anbatituted for the primary coil in these eiperi- 
tnents, and the same results obtained with greater intensity. 
When a bar-magnet is introduced into the seoondaiy 
coU, a cnrrent ia indicated, and when it is withdrawn, 
a current in a contrary direction is observed, and these 
currents take place in the directions required by Ampere's 
theory. A change of position of the magnet is marked by a 
current, aa in the former case. 
If we had the meana of in- 
creaaiug or lessening the mag- 
netism of the bar, currents 
would be induced the same as 
those obtained by strengthening 
or weakening the cttnent in 
the primary coiL It is this 
inductive power of iron at the 
moment that a change takes 
place in its magnetism, that 
forms the basis of m^^neto- 
elecliic machines. The manner 
in which this is taken advantage 
of will be easily underBtood by 
reference to fig, 115. N3 is tt 
permanent horseehoe ma^et, 
and let us suppose it to be fixed ; CD is a bar of soft iron, 
with coila A and B wcnmd to'ani Slw niitenoS.^ and may 
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be looked upon as the armature of the magnet. CD i& 
capable of rotation round the axis EF. So long as CD remains 
in the position indicated in the figure, no currents are induced 
in the surrounding coils, for no change takes place in the 
magnetism induced in it by the action of NS. The moment 
that the poles of CD leave NS the magnetism of the soft iron 
diminishes as its distance from NS increases, and when it 
stands at right angles to its former position, the magnetism 
has disappeared. During the first quarter-revolution, there- 
fore, the magnetism of the soft iron diminishes, and this is 
attended in the coil (for both coils act, in fact, as one) by an 
electric current, which becomes manifest when the ends, e, e, 
of the coil are joined by a conductor. During the second 
quarter-revolution, the magnetism of the armature increases 
till it reaches a maximum, when its poles are in a line with 
those of NS. A current also marks this increase, and pro- 
ceeds in the same direction as before ; for though the mag- 
netism increases instead of diminishes, which of itself would 
reverse the induced current, the poles of the revolving 
armature, in consequence of their change of position with the 
poles of the permanent magnet, have also been reversed, and 
this double reversal leaves the current to move as before. For 
the second half-revolution the current also proceeds in one 
direction, but in the opposite way, corresponding to the 
reversed position of the armature. Thus, in one revolution of 
a soft iron a/rmaJture i/n front of the poles of a permanent magnet 
two currents are induced in the coils encircling it, in opposite 
directions, each lasting half a revolution, starting from the line 
joining the poles, 

123. Magneto-electric Machine. — ^The general construction 
of a simple magneto-electric machine is shewn in fig. 116, 
which is one of the forms of Stohrer^s machines. NS is a 
fixed permanent magnet BB is a soft iron plate, to which 
are attached two cylinders of soft iron, round which the coils 
C and D are wound. CBBD is thus the revolving armature, 
corresponding to CD in ^g, 115. AA is a brass rod rigidly 
connected with the armature, and also serving as the rotating 
axle. F is a cylindrical projection on AA, and is pressed 
upon by two fork-like springs, H aiiii 'K.,'w\siODL «tfc ^^'c* sJsns^ 
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pole* of th« machme. The ends, tn, n, of the coil are 

Boldend to two metal nngB on 

F, ineulated ircaa each odier. 

When the annatnre revolres, 

■, andP more with it P, 

I H, and E ate bo constractei 
as to act as a commntstor, 
reyening the cnnent at each 

1 Bemi-revolntion. By this ar- 
rangement, the opposite cnr- 
renta proceeding from the coil 
at each Hemi-TeTolntion are 
80 transmitted to H and E* 
that these letun the same 
names. Bnt for this, the 
effect of the cumnt derived 
from one aemi-revohition would 
be levened by that proceeding 
from the next, K ai^ K, how- 
erer, change names with the 
direction of the rotation of the 
annatnre. 




Fig. J16. 



The < 



ment is ehewn in fig. 117. A ia the axis of the reTolTrng 
part, the two black lines under H and K are the two forks 
of these springs, a and / are projections on a metal tnbe 
next the axis, and e and e an 
jections on another tube 
insulated by boxwood or tuI- 
' canite (shewn black in the 
%iiie) from the iunet tnbe. 
Both tubes are fixed to the axis 
A, and move round with it The 
projections o, /, c, e are half ling^ 
a end c being on one side of the 
axis, and « and /on the other. Each tube has the end of one 
of the coil-wires attached to it, so that the tubes thus form the 
tenninationB of the coiL As shewn in the figure, the left- 
hand prong of HreaU onttianiftwAfcfeAisnyi-eKmtitKon e; 
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if a be +, c will be — • Suppose, now, the half -revolution 
finished, then 6 will be on 6, and (Z on/, just when the cnirent 
has began to flow in the contraiy direction, and the tubes 
have changed signs. StOl, however, H is + and K — . 
When the annatuie is made to revolve with sufficient lapidily, 
a veiy energetic and steady current is generated, which 
possesses all the properties of the galvanic current Compared 
with the galvanic battery, the magneto-electric machine is a 
readier, steadier, and cleanlier source of electricity, and is, in 
consequence, extensively used instead of it. Magneto^ectric 
machines may be made of any strength by increasing the 
number of magnets and the mechanical force employed. 

In the machine just described, the amount of electricity 
induced in the coils is at a maximum just when the armature 
is leaving the poles, and at a minimum when it stands 
equatorially. The gradual cessation of the magnetism of the 
core in the first quarter revolution, and the gradual acquisi- 
tion of it in the second, prevents anything like an instan- 
taneous stoppage and commencement of the current in the 
luQf-revolution« The current is thus tolerably continuous, 
and when the velocity is great, it is nearly uniform. Hence, 
when it is sent through the nerVes of the body, which are 
affected by sudden changes of current tension (99), a slight 
effect only is felt. When, therefore, physiological effect is 
wanted, a break must be effected in the current. This is 
done in Stohrer's machines by making the half-rings overlap 
a little, so that, at the change of pole, when the current is 
strongest, the inteipolar resistance consists only of the prongs 
of each fork resting on the two half-rings. As this resistance is 
indefinitely small, the whole of the current goes by it, and 
none of it by the body. When one prong of each fork leaves 
simultaneously its half-ring, the current then passes through 
the body ; and as the resistance of this last is great, a partial 
stoppage of the current occurs at the instant of separation, 
which excites an extra current in the coils of the machine. 
The tension of the extra current is high, and powerfully affects 
the nerves. It is felt at each half-revolution. 

In large machines, several magnetic magazines are employed 
with a corresponding number of 8xma.t^v£«& ^scA ^<^^s^ ^^^&!^ 
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coUb may be arranged like the cells of a galvanic battery, for 
tension or for quantity. For tension, they are arranged 
successively, so that they form one compound circuit; for 
quantity, each single coil or set of coils contributes to the 
common current. The electro-motive force, resistance, and 
current strength are formed as for a galvanic battery (96). 
The thickness of wire is selected according to the object of 
the machine. For giving shocks, or effecting chemical decom- 
position, the wire must be long and thin ; for heating platinum 
wire, thicker and shorter. The electro-motive force increases 
with the rapidity of rotation. Dove has found that in mag- 
neto-electric machines, where the current is primarily induced 
by magnetism, a solid iron core as an armature ^ves a better 
effect than a bundle of iron wires. 

Chronology of Magneto-electric Coil-machine.^-'Faxad&j (1831) 
was the first to obtain a current from a coil by magneto- 
electric induction. Experimenting with a straight bar of iron 
as the core of a coil, he obtained opposite currents from the 
coil, according as the bar was made to approach the poles of 
a horseshoe-magnet or to recede from them ; with tiie coil 
without the core he got the same result, though to a much 
less degree. Pixii (1832) invented the germ of the machine 
as now used. Improvements in the construction have since 
been introduced by Saxton (1833), Clarke (1836), Petrina 
(1844), Stohrer (1844), and recently, by Siemens and Halske. 

124. Electricity induced by the Magnetism of the Earth."-^ 
Faraday was the first (1831) to obtain electricity from 
the inductive action of terrestrial magnetism. Terrestrial 
electric induction may be shewn by such an apparatus 
as that sketched in fig. 118. If a coil, CCK, be made to 
rotate, as shewn in the figure, round a horizontal axis, 
and its ends directly connected with a galvanometer, it 
will be found that, starting from a certain position, for one 
half-revolution the needle is deflected one way, and for 
the other in the opposite way. Suppose the axis to lie at 
right angles to the magnetic meridian, and that we place the 
plane of the coil at right angles to the dipping-needle, as a 
starting-point, each half-revolution will occasion a current in 
an opposite direction. Thei^aaouol\i\iaa\!^Qk\Mo>ia, Through 
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the haLf-revolution one half of the coil ascends and the other 
descends, cutting the lines of magnetic force, which are parallel 
to the dipping-needle in different ways; opposite currents 
are thus induced in each half (112, 126), and these aid each 
other to form one current. The descending half has its 

C 




Fig. 118. 

current tending eastward, and the ascending half westward. 
It is easy to see that by the intervention of a commutator, as 
at c, a current in one direction may be obtained through the 
wires w, vf. The maximum induction takes place when the 
plane of the coil is parallel to the dipping-needle, for then 
it cuts the lines of magnetic force at right angles. If the 
axis of the coil be placed horizontally in the magnetic 
meridian, the induced electricity will be wholly due to the 
vertical magnetic lines. If the axis be vertical, the same 
will be due wholly to the horizontal lines. A comparison 
of the deflection produced on the galvanometer by a similar 
rotation in these two positions may be used, according to 
Weber^s suggestion, to determine the magnetic inclination, 
for (17) the tangent of the angle of inclination is equal to the 
vertical divided by the horizontal intensity. If the axis be 
parallel to the dipping-needle, no current will be obtained 
however fast the rotation. Palmieri, by means of a terrestrial 
induction machine, produced sparks, shocks, and the decom- 
position of water. 
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Currents Indaoed by Magnets in Condaoting-plates. 

126. The MagneHmn of Rotation was discoveied by Arago 
in the years 1824-5. He observed that when a magnetic 
needle was made to oscillate immediately above a copper plate, 
it came sooner to rest than it did otherwise. The oscillations 
were made in the same time as when away from the plate, 
but they were less in extent ; the plate seemed thus to act as 
a damper to the motions of the needle. This being the action 
of the plate at rest on the needle in motion, Arago reasoned 
that the needle at rest would be influenced by the plate in 
motion. Experiment confirmed this surmise. He made a 
copper disc revolve with great rapidity under a needle, resting 
on a membrane placed right over the disc, and quite imcon- 
nected with it, the middle of the needle beiog placed above 
the centre of the disc. As expected, the needle ddflected in 
the direction of the motion of the disc. The deflection of the 
needle increased with the rapidity of the motion, and when it 
reached a sufficient amount, the needle no longer remained in 
a fixed position, but turned round after the disc. This action 
of the revolving disc was attributed to what was then caUed 
the 'Magnetism of Eotation,' and the name has been since 
retained. The explanation of this phenomenon was first given 
by Faraday (1831). He proved it to arise ficom the reaction 
of currents induced in the plate in motion by the magnet. 

126. The magnetism of rotation is only one of a very large 
class of phenomena, in which the motion either of a magnet 
or a wire conveying a current induces a current in a neigh- 
bouring conductor. Lenz very conveniently sums up the law, 
holding in all such cases, in the following words: WTien a 
current is imduced in a conductor by the motion of a magnet 
€T current, or of the conductor, the current induced Jhuoe in 
sudi a direction that its action opposes the motion producing 
it. To take the simplest case, that of two parallel wires, 
in one of which a current circulates; let us bring either 
wire near the other, an opposite current will be formed in 
the wire where no current was at first (provided the circuit 
be complete), the mutual action. \ie\.^^«iL "^Vask end the 
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primary cturent "will be to cause Tepnlsion, and impede tlie 
motion of approach. If we separate the wires, the opposite 
will take place. In aU the cases of attraction and repulsion in 
electrodynamics the same holds. Lenz's law may be thus 
otherwise put ; when a conductor moves relatively to a current 
or magnet, or vice versd, the directions of the inducing and 
induced currents are the reverse of what they would be if 
the same motion took place under the action of two primary 
currents, or a primary current and a magnet. 

With the aid of Lenz's law, we can easily understand the 
principles at work in Arago's revolving plate. Fig. 119 
represents what takes place in it. 
The plate, P P, may be regarded 
as divided into four parts ; those 
of which w, n'y «, «' form the 
centres. The part n approaches 
the north pole, N, of the magnetic 
needle, NS. In order to impede 
the motion of approach, n must 
be forced to assume north polar 
magnetism, the current of which 
moves, as shewn in the figure, 
from right to left. The part of 
which n' is the centre, leaving a south pole, will be induced 
to assume north polar magnetism to impede the rotation 
of the disc. The currents of n and n' are coincident at 
their further ends, but in the nwddlft, as shewn by the 
dotted lines, th^ are opposed, the sesiilt of which is itlxat 
one current circulates, as shewn by 43ie icontinuous larab in 
the left-hand side of the plate. A similar estate of ^^zings is 
also found in the right-hand half, as shewn in the figure. 
The two main currents are coincident in the middle of the 
plate. It is this conjoined current which affects the needle ; 
it runs in a direction a little in advance of the needle, as the 
inductive power of the magnet takes some time to act As 
the induced current lies below the needle, the deflection, 
according to Ampere's rule, takes place in the direction of the 
motion of the disc If the disc were stationary, the currents 
induced in the plates would manifestly ix£L^gQsd&'^^ s2RjC32Sss!S^:kSs^&. 




Fig. 119. 
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of the needle. When cuta are made in the disc in the line of 

the ladii, it loses almost entirely its diBtnrbing power ; the 
currenta formed in the whole disc can no longac 
take place, and those formed in the Taiions 

A sectors are weak in comparison; bj filling np 
the vacant spaces with solder, the power is 
nearly restored to it As is to be expected, 
the effect of the rerolTlug plate depends on 
the conducting power of the material of 
which it is made. It is owing to its high con- 
ducting power that copper ia so much used in 
these experiments ; hence, also, it is that copper 
is so much employed in the construction of 
magnetic apparatus. A copper compasa-boi, for 
instance, is not only desirable, from ita being 
free from iron, but it acts also as a damper to 
bring the needle quickly to rest when disturbed. 
127. Lenz'a law is applicable to all cases 
when electricity is induced by the motion 
of a magnet, or of a conducting circuit 
It explains the magnetchelectric machines 
already described. We may quote only two 
other experiments as illustiations of it In the 
first experiment, a small cube of copper (fig. 
120) is hong by a thread to a &ame, and placed between 
the poles of a powerful electro- 
m^net ; the cube is sent into 
I rapid rotation by the twist on the 
' thread, previously given it ; it is 
nstantly brought to a halt, when 
the corrent ia allowed to circulate 
in the coils of the magnet, and 
it begins its motion ^^n when 
the current is turned oS^ la 
the aecond experiment, a disc 
of copper (fig. 121} is made to 
rotate rapidly between the poles, 
n, s, of an electro-magnet, by means of a handle and inter- 
veaing wlieel-work tuined 'by tbe ^x^iuaentec. When the 
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current invests the soft iron poles with magnetism, the disc, 
moving freely before, appears suddenly to meet with an 
imseen resistance, and the rotation continues slowly or not 
at all. If persisted in, the rotation causes the disc to rise 
in temperature, the rise being pr(yporti(mate, according to 
Foucault, to the square of the velocity of rotation. As shewn 
in the figure, the approaching part of the disc has a south 
pole turned to s and a north pole to n. The receding part 
manifests the opposite polarity, both polarities combining 
to resist the motion of the disc. The currents marked 
with dotted lines are not the only currents. There are 
several such currents in the same direction, extending out 
like waves on each half, coinciding in the line between the 
centre and the poles. Hence if a circuit were formed, 
including the radius between the centre and the two poles, 
a current in one direction woidd be constantly transmitted 
through it This may be done by connecting a wire with the 
axis of the plate, and by making a spring press on the edge 
of the plate, at the poles, so as to absorb the current without 
impeding the plate. To the spring a wire must also bo 
attached. The two wires being connected with a galvanometer, 
a current in one direction would be indicated by it as the 
plate revolves. A machine of this kind, invented by Faraday, 
was the first form of the magneto-electric machine (1831). 



Measurement of Current Elements in Absolute 
Units— Work and Heat Produced by * 

the Current. 

128. This system aims at measuring the current elements, 
electro-motive force, strength, and resistance, in terms of the 
absolute units of time, space, and mass. It is the most 
natural and rational system^ and, for recording results, it 
will no doubt eventually take the place of all others. The 
British Association h&yjd adopted a unit of resistance, so as to 
facilitate its general introduction. In the TiMJMaR.tiss'c& ^1 ^3»& 
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ABBOciatioii for the years 1862-3-4^ the subject is treated at 
length. Here we can only give a general idea of the syBtem, 
and shew how it is practically applied. 

Definitions of Electro-Tnagnetic Umts. — ^In any absolute 
system the unit force is defined as producing unit velocity in 
a unit of mass in a unit of time. In the British Association 
system the unit force is that which is capable of generating in 
^e mass of one gramme a velocity of one metre per second. 
At Paris, gravity generates in the mass of one gramme a 
velocity of 9'808 metres per second, so that there a unit of 
force is equal to 7.^ of the weight of a gramme. At London, 
gravity is 9'811 metres, so that the mass weighing a gramme 
at Paris woidd weigh more than a gramme at London, in the 
proportion of 9*811 to 9-808. Of course, if a gramme weight 
were brought over from Paris to London, it would still be 
looked upon as a gramme, but its downward force, abso- 
lutely considered as tested by a very delicate spring balance, 
would be greater. A less mass at London will produce the 
same absolute downward force than at Paris. Practically 
speaking, we estimate at London the mass of a gramme by 
counterpoising a gramme weight brought from Paris in an 
ordinary balance, so that the mass of gramme at London is 
the same as at Paris, although its downward force expressed 
in the units just defined is different. Masses being measured 
by relative weights, are comparable all over the world ; but 
their weights or downward forces, arising from the action of 
gravity on them, are not, and must be expressed in absolute 
tmits to be comparable. The system we are describing 
demands that all local observation be expressed in an absolute 
or general standard, so that when so expressed they may be 
at once compared. To save explanation, we may, however, 
look on gravity as constant, and as that at London, results 
being expressed absolutely, though the data giving them be 
-locaL "Die weight of a gramme is thus equal to 9*811 units 
of force. A unit of work is a unit of force overcome through 
one metre : it is therefore ^.^ of the weight of a gramme 
raised one metre, or a gramme-metre. A v/n/it qf heat is the 
quantity required to raise the temperature of one gramme of 
water at ita TT^^TiTmiTn densitY by 1° C. According to Joule, 
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a unit of heat, when converted into woik, is (at Manchester) 
capable of raising 423*5 grammes weight one metre. A unit 
of heat is, therefore, equivalent to 423*5 x 9*811, or 4155 units 
of work. 

129. A unit pole is one which, at a metre distance, repels a 
flJTnilar unit pole with a imit of force. The mass of the unit 
pole is that of a gramme. Here only one pole of a magnet is 
referred to, the other being considered either to lie out of 
the way, or to be so similarly affected in the opposite way, aa 
to act in combination with the pole in question. A vmU 
Tnagnetic field is that in which a imit pole is repelled with 
a unit of force. At that part of the earth's sur£EU» where the 
horizontal intensi^ is uni^, the unit pole, if free to move in. a 
horizontal plane, would acquire a velocity of one metre in a 
second At London, the horizontal intensity is such that the 
unit pole would acquire a horizontal velocity of 1*764 metres 
per second. 

A umt cwrrent is one which, in a wire one metre long, bent 
so as to form an arc of a circle of one metre in radius, or^ 
which is the same thing, an arc of 571°, would repel a unit 
pole at the centre of the circle with a unit of force. The 
whole circumference of a circle, a metre in radius, is 6*2832 
metres, and would consequently repel a unit pole at its centre 
with 6*2832 units of force. If such a drde be placed in the 
magnetic meridian, the deflection produced by it on a small 
needle at its centre, as in the tangent galvanometer, is due to 
the whole circumference, so that the strength of the current 
measured by only one metre of it, forms only -rArv P^ ^ 
the deflecthig force. A unit current in a straight wire, 
measuring a metre, repels another similar unit current one 
metre distant, with a unit of force. A imit magnetic* field 
repels a metre's length of a unit current held at right angles to 
the lines of magnetic force with a unit of force. Hence in a 
imit magnetic field, a metre of a imit current, forming an 
lire of 571°, aiid held in the magnetic meridian, would cause a 
small needle at its centre to deflect 45°. 

130. How an Electric Benstance may be expressed as on 
Absolute Velocity. — Suppose, at any part of the earth's snrfiicey 
two rails are placed paralld to each other, so that the \ilaxiA 
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passing through them shall be perpendicular to the magnetic 
meridian, or to the lines of horizontal force. We may thus 
put the rails horizontally, the one lying right ahove the other. 
Suppose now that a rod, standing vertically, connects these 
rails, and can he slid along without friction between them. 
Let the ends of the rails at either termination be connected 
with a rod of equal length to the slider, and let it be placed in 
the magnetic meridian, or at right angles to the plane in which 
the slider moves. Let this rod be bent so as to form an arc of 
57}" of a circle, the radius of which must be the length of the 
rod or of the slider, and let a small needle be suspended at.the 
centre. There will be thus a complete conducting circuit 
formed by one rail, the rod, the other rail, and the slider. Let 
the resistance, moreover, throughout this circuit be the same, 
whatever the position of the slider in the rails, or, which is 
the same thing, let the rails be perfect conductors. When 
the sliding rod is moved, it cuts the horizontal lines of mag- 
netic force at right angles, and a current is induced by them 
in it (112, 126), the strength of which is proportionate to the 
number of lines cut by it in a given time. The faster, there- 
fore, the rod moves, the greater is the current, and the greater 
will be the deflection of the small needle. When it is moved 
with such a velocity that the needle deflects 45®, the current 
in the arc has acquired the same power over the needle as the 
earth's magnetism.* The current induced in the slider is in 
such a direction that the vertical action between it and the 
earth's magnetism offers resistance to its further motion, and 
work therefore has to be expended to move the slider. The 
work expended in a given time, say a second, in moving the 
rod, is within the circuit equivalent to the electro-motive force, 
or the work done in producing the current. If the resistance 
within the circuit which the electro-motive force has to over- 
come in generating a current capable of causing a deflec- 
tion, say of 45°, be small, the velocity of the slider will be 
correspondingly small; if great, correspondingly great The 
velocity of the slider thus measures the resistance of the 
circuit. 

Although this arrangement, which contains the germ of the 
reasoning, cannot be praGti(ially carried out, other arrange- 
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ments can by calculation be reduced to it. To fix our ideas, 
let the slider be a metre in length ; let it move, say, 10,000 
metres per second to cause a deflection of 45° — ^that is, to 
generate a unit current in the supposed circuit. The slider, in 
moTing at this rate, describes an area of 10,000 square metres, 
tind this is the measure of the number of lines of force cut, or 
of the inductive power of the earth's horizontal magnetism in 
the experiment, and it may be obtained, as in this case, by a 
slider of a metre in length moving at the rate of 10,000 metres 
per second, or one 100 metres in length moving with -r^th part 
of the velocity — that is, 100 metres. Suppose, now, I wish to 
know the resistance oflfered by a wire of a certain thickness, 
expressed as a velocity, I bend 6*2832 metres of it into the 
form of a ring of one metre in radius, and make the ring 
capable of rotation round a vertical, as it is in fig. 118, round 
a horizontal axis. The induction to which the ring is sub- 
jected in its rotation, causes two opposite currents to traverse 
it in one revolution, the turning point being when the ring is 
at right angles to the magnetic meridian ; but since each half 
changes its side with each change of current, to an observer 
north or sOuth of the ring the curreni; appears to move always 
in the same direction, and it consequently affects a needle 
placed at its centre in the same way. To reduce the motion 
of the ring to the equivalent motion of the slider, we must 
project the motion of the ring on a vertical plane at right 
angles to the magnetic meridian (112). The semi-revolution 
of the sphere described by the ring projected on this plane 
is the area included by the ring, namely, 3'1416 square metres, 
and by a whole revolution twice this, or 6-2832 square metres. 
If ten revolutions per second produce a deflection of 45®, 
the effective area is 62*832, which is equivalent to a metre 
slider moving at the rate of 62*838 metres per second. But 
we reckon the current from one metre of it, so that the velocity 
of the ring must be 6*2838 times increased to give one metre 
the effect of the whole circumference : the equivalent velocity 
of the metre slider must thus be 394*7. The resistance of 
62832 metres of the wire in question is thus 394*7 metres per 
second, and we can easily calculate the length of it necessary 
to produce a resistance of one metre, or of iO,QQ^{i^ TSkfeNssa^ 
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the B. A. unit (94). Here we have only given the mere out- 
line of the proceas of estimating resistance as an absolute 
velocity. It was essentially by this method, which is due to 
Professor Thomson, that Messrs Maxwell, Stewart, and Jenkin 
(1863-4), with almost perfect experimental aiid mathematical 
skill, measured the absolute resistance of a coil instead of a 
ring of copper wire, and thence obtained a material value for 
a R A. unit. Should the material standard they found be loot 
or damaged, it could be again renewed by a new determina- 
tion. The obtaining of a material from an abstraot or ideal 
standard is nothing practically new, for our measures aiie 
got &om the length of the seconds pendulum at London, 
which requires as much care and skill in its determination 
as the £. A. unit. 

131. EelaUom of the Current Elements to Workr^A resistance, 
accordingly, we express as a velocity. Suppose, now, our 
metre slider moves with a velocity I per second, and ^t a 
current of the strength, a, is produced in a magnetic field of the 
intensity hy then the work, w, expended per second in movii^ 
it through I metres per second will be the velocity, Z, multi- 
plied by the product of the current s, and the Intensity of 
the field hy or «? = Ish, Now, when I measures the resist- 
ance of the circuit, s equals h, then w = ^l; that ia, the 
work done per second by a current <, in a resistance ^ 
equals the square of the current multiplied by the resistance. 
We know from Ohm's law (95) that 6, the electro-motive force, 

w 
is equal to Is, Hence to = es, or e = — ; that is, the electro- 
motive force is equal to the work done per second divided by 
the strength of the current. 

According to any absolute system, a unit of electro-motlye 
force is capable of transmitting a unit current against a unit 
resistance in a imit of time. According to the British Asso- 
ciation system, a unit of electro-motive force is thus capable 
of overcoming a unit of force through 10,000,000 = 10^ metres 
in a second, or of performing 10,000,000 units of work in that 
time. 10^ electro-magnetic units of work are equivalent to 
t'At P^ ^^ ^^^ grammes in weight raised one metre, or 
2,019,200 gramme-metiea. A.\aflfc oi ^<H:k is ^h^ part of a 
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unit of heat ; hence the unit electro-motive force in a circuit 
of resistance one, produces in one second ^^ of 10', or 2406*7 
units of heat, or as much heat as will raise 2406*7 grammes of 
water l"* C. It is found also by experiment, that a unit current 
can, per second, decompose 0*0092 grammes of water, or 
generate 17*2 cubic centimetres of explosive gas at the 
temperature 0*^ C, and under a barometric pressure of 760 
milUmetres. This is called the electro^hemdecU equivalent of 
vxUer, As the chemical equivalent of water is 9 and of zinc 
82*5 in each cell of a batteiy generating a unit current, 
0*0332 of a gramme of zinc is dissolved per second, apart, of 
course, from local action. A resistance is thus expressed in 
a velocilrjr, a current in units of force, and electro-motive 
force in units of work. 

132. Practical Applicaiion of the Absolute System, — ^Two 
things are necessary, to apply the absolute system— a tangent 
galvanometer, and the determination of the horizontal inten- 
sity of the earth's magnetism, expressed in units of force, at. 
the place of observation. This last for London was (January 
1865) 1*764. The formula for the tangent galvanometer can 
be easily adapted to this system. T, in fig. 82, represents the 
horizontal intensity. In the position that the needle takes 
up, the portion of the horizontal intensity acting is T sin. d^ 
and this multiplied by ML, the magnetic moment of the needle^ 
gives its whole turning force on the needle, M being the 
strength of one of the poles, and L the distance between the 
poles. The electro-magnetic effect of the ring is represented 
by C, and in the deflected position of the needle the resolved 
part acting is C cos. d ; this, again, must be multiplied by ML 
to give the turning force on the needle. Thus, CML cos. d = 
TML sin. (2, os C = T tan. d. But C gives the force of the 
whole circumference. From this we must get the effect of 
one metre of the current bent into an arc of a circle one 
metre in radius. If B be the circumference of the ring, or the 
length of the wire coiled into a ring — ^for frequently the tan- 
gent galvanometer is constructed with a coil of wire instead of 
one ring-— then as this acts at a distance equal to r, the radius 

of the coil, C = 5- S, or S (strength) = ~ C. Thus, S = 
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— :p- tan. d. When there is only one wire as in the galvan- 

f X T 

ometer described, S = ^r— — ; tan. d. 

' 6-2832 
In the instrument described in art. 96, r = 0*21 metre ; 

0*21 X 1*764 
thns, at London, S = — q.2832 — *^"^ ^ ^ *^® current be 

such as to make d 45° (tan. = 1), S will be 0*05895 units of 
force, which is what one metre of it can effect on another unit 
current, or on a unit pole situated as already mentioned. This 
current, in one imit of resistance, produces (0*05895)^ x 10^ 
34751 units of work per second. In a stationary wire, 
however, this work cannot be performed, so that it takes the 
form of heat. The units of heat generated by it are (0*05895)* 
X lO'^ -^ 4155 = 8*3636 ; that is, that the heat produced per 
second by this current in a imit of resistance is capable of 
raising the temperature of 8*3615 grammes of water 1° C. in a 
second. This current will also decompose 0*05895 x 0*0092 
grammes of water per second, or 60*8 cubic centimetres of gas 
per minute. On comparing the results on this system and 
that of the electro-chemical units adopted in art. 96, it must be 
borne in mind that the whole electro -magnetic effect of the 
ring was coupled with 60 cubic centimetres per minute in 
the expression S = 60 x tan. d; whereas in the absolute 
system, which requires that 571° o^ t^© ring produce the 
deflection of the needle, this expression would be S = 60 

X ' -, S in the former is therefore 6*2832 times S in the 

latter system. 

Let us now ascertain in absolute units the electro-motive 
force and liquid resistance of the Bunsen cell mentioned in 
art. 96. With no interpolar resistance, the strength of 
the current, as shewn by the galvanometer {d = 53^*) is 
0*07860, and with one B. A. unit interposed {d = 12^**) 0*0131 ; 

consequently, by Ohm's law, 0*0786 =y, and 0*0131=^ — ■, 

whence e = 0*01572 of the B. A. unit of electro-motive force 

(IQi^ units of work per second), and I = 0*2 of a B. A. unit of 

lesiBtQuoQ (10' metres per aecoTiQ^^. T\i'& ^"ei^tsormotive force 
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of DanielFs cell, the most constant of all, is given by Joule 
as 0-01073, and by Bosscha, who adopts it as a nnit of 
electro-motive force, as 0*010258 of a B. A. unit. Both of these 
rather exceed the value given in article 85, which is, on 
reduction, 0*0094. 

The system of absolute measurement is entirely due to 
Professors Weber and Thomson. Weber (1851) first proposed 
a system of absolute measurement ; the suggestion was imme- 
diately taken up by Thomson (1851), and the relations of the 
current to work in the system were first shewn by him. 



THERMO-ELECTRICITY. 

Thermo-electricity treats of the currents that arise firom 
Seating the junction of two heterogeneous conductors. Such 
currents can be obtained in many wa3r8, but we shall here 
simply indicate the more important. 

133. Thermal Currents vnth one Metal. — ^Take a copper wire, 
cut it in two, and fix each half in one of the binding screws 
of a galvanometer. Heat one of the free ends to redness, and 
press it against the other, and a current will be generated, 
passing at the junction from the hot to the cold end, as shewn 
by the deflecting needle. The same production of a current 
by heating one piece of wire, and bringing it in contact with 
a cold piece of the same, is more decidedly shewn with two 
pieces of the same platinum wire attached to the binding- 
screws of the galvanometer. To increase the surfaces of con- 
tact, the free ends of these wires are coiled into flat spirals. 
One of the spirals is heated to redness, and pressed on the 
other. A current is then formed, passing from the hot 
to the cold wire. In almost all cases where portions 
of the same metal at different temperatures are pressed 
together a current is produced, the direction of which depends 
on the metal, and even on the structure of the same metal 

Currents are also obtained when two portions of the same 
metal or piece of metal have different structures, and the 
point where both structures meet is heated. If, for instance, 
one piece of wire be hard-drawn and the other part annealed, 
when the seat of change from the one to the other is heated, a 
current is produced. Thus, if a hard-drawn wire of brass be 
partly annealed, and the separation between the two parts be 
heated, a current passes at the junction from the soft to the 
hard part. Or if the whole be annealed, and one part of it be 
hammered, the hammering makes the other part harder, and 
the current, when the junction is heated, passes from the soft 
to the hard part. The direction of the current differs with 
different metals in these c\icvmi"ateia^'&. ^-^^-dl \3afe difference 
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of structure introduced by the twisting of a portion of a wire, 
causes a current to flow when the wire is heated in the 
vicmity of the twist. Thus, when a knot is tied on a platinum 
wire, or when part of it is coiled into a spiral, a current passes 
always towards the knot or coil when the flame of a spirit- 
lamp is directed on a portion of the wire near the knot or 
spiral The twisting, in this case, acts as hardening or 
hammering would do. By running the flame of a spirit-lamp 
along a metal, it frequently happens, more especially if it be 
of a crystalline structure, that currents are produced at certain 
points. These points are supposed to indicate a change in 
structure. If a bar of fused antimony have its ends con- 
nected with a galvanometer, and examined in this way, Tieutral 
points are generally founds The flame of a lamp generates a 
current near these points, always passing towards the point, 
and changing in direction with the change of the side on 
which the flame is applied. Bismuth shews neutral points, 
but the current always goes from the cold to the hot part 
across the neutral point. In bars of these metals which are 
crystallised regularly and slowly, no neutral points are found. 
: 134. Thermal CwrrmU with two Metals. — ^A current is 
always obtained when the point of JTmction of any two metals 
is heated. The two metals which shew this property in the 
greatest degree are bismuth and antimony. When q 
a bar of antimony, A (fig. 122), is soldered to a bar 
of bismuth, B, and their free extremities are con- 
nected with a galvanometer, G, on the junction 
being heated, a current passes from the bismuth 
to the antimony as shewn in the figure. When S 
is chilled by applying ice, or otherwise, a current 
is also produced, but in the opposite direction. 
Such a combination constitutes a thermo-electric 
pair. Applying the same mod& of explanation to 
this pair that we applied to the galvanic pair 
(64), bismuth is 4- within and - without the pair, 
antimony — within and 4- without the pair. Bis- j.j j^j 
muth thus forms the — pole, but -f- element; 
antimony the -H pole, but — element of the pair. The metals 
may be classed in thermo-electric just aa llaK^ NWStfc\s3L€«s*2Ksr 




216 ELECTEICITT. 

chemical order. The following table gives them in this order, 
the direction of the axrow shewing how the current goes, 
within the pair : 

Heat. 



>o o )b ua lo CO C9 



.J 






i 

Cold. 

The order and numbers in this table are those given by Dr 
Jlathiessen. The numbers give the relative electro-motive 
forces, and are calculated on the scale of copper-silver as unity. 
The greater the difference between the two numbers, the. 
greater the electro-motive force. When two metals with thie 
same sign are associated, the difference of the numbers gives 
the electro-motive force of the pair, with different signs the sum. 
Thus the electro-motive force of a bismuth and antimony 
pair is 25 — (— 10) = 35 ; of bismuth-copper, 25 — 1 = 24 ; 
of iron-antimony, — 5 — (— 10) = 5. Tellurium, from its 
rarity, cannot be practically employed. The structure and 
purity exercise an important influence on the electro-motive 
force. The numbers of bismuth and antimony in the table 
are given for those metals when cast Connnercial pressed 
wire of bismuth would stand as 36, and antimony as — 2. Tem- 
perature has also an important influence in determining this 
table. The order and numbers given are for temperatures 
between 40° and 100° F. For other temperatures, the table 
would be different for several of the metals. 

It will be seen that metals like bismuth and antimony, 
which have a crystalline structure, are best suited for a thermo- 
electric pair. We found (26) that tourmaline, when heated, 
shewed an opposite electridty ^.ti eai.^\i ^T^d. If it had a 
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low conducting power like the metals juBt named, ne m^ht 
expect fi^m it a ttieimo-alectric current iaetead of mere 
polarit}'. It is probable that the crystalline stroctnre, how- 
ever, accounts for the appearance of electricity in both cases. 

Thermo-electric Batterg. — One biamulli-antdmony pair is 
verj little powet. To increase this, Bereral c 

pairs are associated tc^ttter, as shewn in 
fig. 123, where the same tension-anange- 
ment is adopted as in a galvanic battuy. 
The heat in this case mnst be applied only 
to one row of soldered faces. The cuirent 
effect depends on the difference of tempeia- 
tnre of the two sides. When a strong I 
current is required, the one series most be 
kept in ice 01 in a freezing mixture, whilst 
the Other is exposed to heat radiating &om 
a red-hot plate of iron. As in the galvanic 
pair, the electro-motive force ia propor- 
tionate to the number of pairs ; the a' 
the size of tihe galvBiiic plates, merely a 
the resistance. The electro-motive fot«e of a thermo- 
electric battery is small ; according to -Br Uathiessen, that 
of 25 bismuth-tellurium pwrs equalling one cell of Darnell's 
battery when the one series is kept at 32" F. and the other at 
213° F. In consequence of the low electro-motive force of 
the thermo-electric battery, the galvanometer to be used with 
it must introduce as little resist- 
ance as is consistent with the 
best effect on the needle. Hence 
special galvanontetfirs are used, 
in which the coil wire is short 
(200 torus) and thick (^ inch) ; 
these are caUed thenuo-galvano- 
meters. 

When a great number of purs 
are formed into a battery, they 
may be conveniently arranged as I 
one of 30 pairs. Tbs odd faces, 1, 3, 5, &c, are exposed o 
the one side, and the even faces, 2, 4, 6, &c., on. tK% >^'Jc« 
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The tenninid b«n are connected with the binding geievn 
n, p. The iuteiBticefl of the httra are fiUed with insulsting 
matter (gypenm) to keep them, sepante, and the frame in 
which Uie wbdo is placed ia of non-«ondnctiiig matter. 
Such a pile in coigimction with e, thenno-galTanometeT fbnna 
a most delicate thennometer for radiant heat. When placed 
ip a room, the temperatnre of which ia eqnaUe all lonnd, 
no CQirent is produced ; bnt if heat be radiated more on 
one dde than another, a cnirent ensues. If the hand, foi 
instance, be brought neai on the one aide, a current indicates 
its radiant power ; or if a piece of ice be bronght near, a 
current ia alao shewn, but moving in the oppoate way. 

136. Thermai Effais produetd by the Qaivamc Current. — Aa 
heat or oold produces a current at the junction of two dia- 
eimilar conductote, we would expect that if a galvanic current 
be made to pass through the junction, heat or cold would 
follow, and such is found to be the fiict; When a current 
from a voltaic cell, paeang, aa shewn in Ag. 12G) 
through a B7st«m of tloee rods of bismuth, 
antimony, and biamnth, at 1jie junction, 
where the cnnent passes from bismuth to 
^B antdmony, cold is produced; and at the 
other, from antimony to bismuth, heat. If, 
for inatance, water be placed in a hollow at 
either junction, cooled to 32° F., it will 
become &ozen when the current passes from 
the bismuth to the antimony. When the junc- 
tion of these two metale is put into the bulb of 
an air thermometer, so that a current can be 
sent through it in either way, the sir expands 
idun the cnrtent goes from antimony to bismuth, bnt con- 
ttstta when it goes ia the opposite way. Powerful currents 
mmA not be used, otherwise heat will be pmdnced at all the 
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Seebeck was the discoverer (I8SI) of thermo-electricity ; 
Kobili invented the thermo-electric pile (1834) ; Peltier (1834) 
first observed the thermal effects of galvanic cmrents at the 
junction of heterogeneous conductors. 



PRACTICAL APPLICATIONS OF CTTRBENT 

ELECTRICITY. 

Electro-MetaJlnrgy. 

136. Electro-metalluigy (Fr. galvanoplastiey Ger. gdlvanch 
plastik) is the art of depositing, electro-chemically, a coat- 
ing of metal on a surfiEtce prepared to receive it (102, 105). 
It, may "be divided into two great divisions— electrotype 
and electro-plating, gilding, &c. — ^the former including all 
cases where the coating of metal has to be removed from, the 
surface on which it is deposited, and the latter aU cases where 
the coating remains permanently fixed. Gold, platinum , 
diver, co^er, zinc, tin, lead, cobali, nickel, can De d^Kmted 
electrolytically. 

Electrotype — the art of copying seals, medaLs^ eogiaved 
plates, ornaments, &c., by means of the galvaadc cmrent in 
metal, more especially copper. The manner in which this is 
done will be best understood by taking a particular instance. 
Suppose we wish to copy a seal in copper: an impression of 
it is first taken in gutta-percha, sealing-wax, fusible metal, or 
other substance which takes, when heated, a sharp impression. 
While the impression — say, in gutta-percha — is still soft, we 
insert a wire into the side of it As gutta-percha is not a 
conductor of electricity, it is necessary to make the side on 
which the impression is taken conducting ; this is done by 
brushing it over with plumbago by a camel-hair brush. The 
wire is next attached to the zinc pole of a weakly charged 
Daniell's cell, and a copper plate is attached by a wire to the 
copper pole of the celL When the impression and the copper 
plate are dipped into a strong solution of the sulphate of 
copper, they act as the - and 4- electrodes. The copper 
of the solution begins to deposit itself on the impression, 
first at the black-leaded surface in the vicinity of the con- 
necting wire, then it gradually creeps over the whole con- 
ducting surface. After a day or two, tha Ym^^TsssaJcsvjLSakXsiiKss^ 
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oat ; and the copper deposited on it, iThich hae now fonned 
a tolerably Htrong plate, can be eoflily removed by inserting 
tbe point of a knife between the impiesdon and the edge of 
die plate. On the aide of this plate, next the matrix, we have 
a perfect copy of the original seaL If a medal or coin ia to he 
taken, we may proceed in the aame wayj or we may tak« ibe 
medal itself and lay llie coppei on it In the latter case, the 
fint cast, HO to apeak, that we take of each &ce ia n^ative, 
shewing depieaaioiia where the medal abews relief ; but this 
ia taken aa the matrix for a second copy, which exactly 
resembles tlie originaL The adhesion between the two is 
slight, and they can be easily separated. The cell of a battery 
is not needed to excite the current. 
A galvanic pair can be made out 
of the object to be coated and a 
piece of zinc Fig. 1S6 ahewa how 
this may he done. B is a glass 
vessel, containing sulpbate of cop- 
per ; A is another, supported on 
B by a wire frame, and containing 
a weak solution of sulphuric add. 
The glass vessel. A, is without a 
bottom, but' is closed below by a 
bladder, A piece of zinc, Z, is 
put in the sulphuric acid, and a 
wire, D, coated with insulating varnish, establishes a con- 
nection between it and the impression, C, which ia laid below 
the bladder. Electrotype is of the greateat importance in the 
arts ; by means of it, engraved copper plates may be mnltii- 
plied indefinitely, so that proof-impressions need be no rarity; 
wood-cuts can be converted into copper ; bronzes can be 
copied ; and several like applications are made of it too 
mimerouB to mention. By connecting a copper plate ready, 
for corrosion with the + pole, and makii^ it a + electrode, 
it can be etched with more certainty than with the simple. 
acid, and without the acid fumes. 

137. Electro-plating. — This iatheatt of coating the basermetals 
with silver by the galvanic current. It is one theoretically of 
great simplidtj, but lenymea in. tlie sowieBBf'il application of 
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it very considerable experience and skilL Articles tliat are 
electro-plated are generally made of brass, bronze, copper, or 
nickel silver. The best electro-plated goods are of nickel 
silver. When Britannia metal, iron, zinc, or lead are electro- 
plated, they must be first electro-coppered, as silver does not 
adhere to the bare surfaces of thjese metals. Great care is 
taken in cleaning the articles previous to electro-plating, for 
any sur&ce impurity would spoil the success of the operation. 
They are first boiled in caustic potash, to remove any adhering 
grease; they are then immersed in dilute nitric acid, to 
dissolve any rust or oxide that may be formed on the surface ; 
and they are lastly scoured with fine sand. Before being put 
into the silvering bath, they are washed with nitrate of 
mercury, which leaves a thin film of mercury on them, and 
this acts as a cement between the article and the silver. The 
bath where the electro-plating t^es place is a lai*ge trough of 
earthenware or other non-conducting substance. It contains 
a weak solution of cyanide of silver in cyanide of potassium 
(water, 100 parts ; cyanide of potassium, 10 parts ; cyanide of 
silver, 1 part). A plate of silver forms the + electrode ; and 
the articles to be plated, hung by pieces of wire to a metal rod 
lying across the trough, constitute the — electrode. When 
the plate is connected with the copper or + pole of a one or 
more celled galvanic battery, according to the strength 
required, and the rod is joined with the zinc or — pole, 
chemical decomposition immediately ensues in the bath, the 
silver of the cyanide begins to deposit itself on the suspended 
objects, and the cyanogen, liberated at the plate, dissolves it, 
re-forming the cyanide of silver. According, then, as the 
solution is weakened by the loss of the metal going to form 
the electro-coating, it is strengthened by the cyanide of silver 
formed at the plate. The thickness of the plate depends on 
the time of its immersion. The electric current thus acts as 
the carrier of the metal of the plate to the objects immersed. 
In this way, silver becomes perfectly plastic in our hands. 
We can by this means, without mechanical exertion or the 
craft of the workman, convert a piece of silver of any shape, 
however irregular, into a uniform plate, which covers, but in 
no way defaces, objects of the most complicated and delkajt^ 
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forms. Wlien the plated objects are taken from the bath, 
they appear dull and white ; the dulness is first removed by 
a small circular brush of brass wire driven by a lathe, and the 
final polish is given by burnishing. The process of electro- 
gilding is almost identical with that of electro-plating, 
only the solution must be kept hot Success in either is 
attained by proper attention to the strength of the battery, 
the strength of the solution, the temperature, and the size of 
the -h electrode. In Birmingham, magneto-edectric machines 
axe used extensively for famishing the necessaiy current in 
plating. 



Electric Li^t. 

138. When the ends of two wires which form the poles of a 
powerfal galvanic battery are made to touch (100), and then are 
separated for a short distance, the current which passes when 
the contact is made does not cease with the separation, but 
forces its way through the intervening air, accompanied with 
an intense evolution of light and heat. So great is the heat 
evolved that the most refractory metals are melted by it, and 
therefore some substance rivalling the metals in conducting 
X>ower, but much more infasible, must be found to act as the 
poles, to allow of the continuation of the current in such 
circumstances. The various forms of carbon are well suited 
to this purpose ; the more compact forms of charcoal answer 
very well ; baked carbon (85) answers better ; but the coke 
that is sublimed inside the retorts in the distillation of gas, 
both for durability and conducting power, makes by fax the 
best poles. Sir Humphry Davy (1813) first discovered and 
described the electric light Fig. 127 represents a simple 
arrangement for producing it The carbon-points, P, N, are 
fixed into hollow brass rods, which are connected with the 
battery by wires entering at the binding screws «, s. The 
rods dide in the heads of the glass piUars A, A, fixed to a 
stand, so as to admit of the points being placed at different 
distances. The wires from the battery-poles being properly con- 
nected, the points axe made to touch, and are then withdrawn 
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a line or two, when the most dazzling light ^ensues, nvalling 
the light of the sun in purity and splendour. Its intensity is 
such as to prevent the eye from examining the particulars of 




Fig. 127. 

its production. These, however, may be ascertained by pro- 
jecting with a lens of short focus the images of the points on 
a screen, when they are seen as shewn in the figure. The 
light is found to arise chiefly from the intense whiteness of 
the tips of the carbon rods, and partially from an arch of 
flame extending from the one to the other. The + pole is 
the brightest and the hottest ; a fact which may be proved by 
intercepting the current, when the + pole continues to appear 
red for some time after the — pole has become dark. 

During the maintenance of the light, a visible change takes 
place in the condition of the poles. The + pole expe- 
riences a loss of matter; particles of carbon pass from it 
to the — pole, which they partly reach, and partly are 
burned by the oxygen of 'the air on the way. The same 
takes place, though to a much less extent, with the ^ pole ; 
so that while the + pole becomes hollowed out or blunt 
by its losses, the — pole remains pointed by its apparent 
gains. The wasting away, particularly of the + pole, 
in a short time renders the distance between the poles too 
considerable to aUow of the passage of the current, and the 
light is thus suddenly extinguished, until again renewed by 
contact and removal The points may be removed with a 
X>owerful battery four or five millimetres before the circuit is 
broken. The transference of matter between the poles is 
considered to account for the existence of the arch of flame, 
and the passage through the air of the current, as thereby a 
conducting medium extends between tb<& t^I*^. Tsl^ \ks^i^ ^ 
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this arch of flame, or voltaic arc (Ft, arc volta^fue, Ger. 
galvanischer flammeribogen), as it is called, is the most intense 
that can be produced. Platinum melts in it like wax in the 
flame of a candle. Quartz, the sapphire, magnesia, lime, and 
other substances equally refractory, are forced by it into a 
state of fusion. The diamond when placed in it becomes 
white hot, swells up, fuses, and is reduced to a black mass 
resembling coke. In this condition, it is still hard enough to 
scratch glass, but possesses almost no consistency, giving way 
to the pressure of the fingers. 

T*he electric light is caused, not by the combustion of the 
carbon, but by its being brought into a state of incandescence. 
The electric light can, in consequence, be produced in b 
vacuum, and below the surface of water, oils, and other noa- 
conducting liquids. It is thus quite independent of the 
action of the air, a circumstance which may yet be turned to 
useful account. 

With a battery of some fifty Bunsen's elements, a light is 
produced of very great brilliancy ; but when very great powesr 
is to be obtained, as well as brilliancy, twice or thrioe that 
number must be employed. Fifty cells give an electricity of 
the needful tension to produce the light; and if more be 
employed, they must add to its strength, and not its tension. 
Thus, if 150 cells be used, they would be best arranged in 
three batteries, the + poles of all three being joined to form 
one 4- pole, and similarly with the - poles. With a battery 
of forty or fifty cells, no pointing of the rods is necessary, as 
this is done by the action of the electricity itsell 

The spectrum of the electric light is found to abound in 
violet rays, and hence it is well adapted to photographic 
purposes. Fizeau and Foucault found that with a battery of 
46 Bunsen cells, a light was obtained which had 34 times 
the photographic efficacy of the lime-ball light, both being 
tested by the effect produced on a plate covered with the 
iodide of silver. The same electric light, when compared in 
the same way with the sun, was found to stand as 23 to 100. 

139. Electric Lamps, — ^Various arrangements have been 

invented for maintaining the steadiness of the electric 

light The aim in a\l auala. \a \.q ka^^ the carbon points^ 
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hj some mechanical contrivance, within such a distance of 
•each other that the current can pass between them. Foucault, 
aided by Duboscq, was the first i(1849) who constructed 
an electric lamp of this description. In it, by aid partly 
of an electro-magnet, and partly of clock-work, the two 
points are made to travel towards each other at rates 
corresponding to those of their consumption, the 4- pole 
in this way travelling faster than the — . A detent is 
£xed to the keeper of the electro-magnet, which locks the 
clock-work when the keeper is brought up to the magnet, 
and withdraws it when it is away from it The keeper is 
acted upon by a counter-spring, which draws it away from the 
magnet when the current does not circulate, or when it is too 
weak to act eflfectiyely. Thus, when the points waste away 
and separate from each other, the current becomes weaker, and 
when it gets so weak as to impair the splendour of the light, 
it is so arranged that the spring draws away the keeper, and 
thereby liberates the clock-work. The points are now made 
to approach until the current, by the nearing of the points, 
acquires sufficient strength to draw the keeper to it and insert 
the detent. There is thus a constant locking and unlocking 
of the clock-work, and the points are kept at the distance 
fitted to produce the most brilliant light. In the simpler 
form of lamps, provision is not made to keep the points, as in 
Duboscq's, at the same absolute position, but it is only sought 
to keep their relative distance the same. The consimiption 
of the — pole is so slow that it occasions little incon- 
venience to keep it fixed, and to confine the motion of 
approach to the + pole. An ingenious and simple lamp 
of this kind is made by Mr Hart of Edinburgh. The 
weight of the rod in which the carbon is fixed supplies the 
place of the clock-work in Duboscq's lamp, and an electro- 
magnet lets it descend or locks it, according as the carbons 
ore consumed. A lamp of either kind gives a brilliant 
illumination to the magic lantern or solar microscope. 

140. The attempts which have been made to substitute th9 
electric light for coal-gas in lighting up streets and public 
places, have hitherto proved unsuccessful. One element of 
imperfect success is to be found iu tk^ \xxi!;:.^TX;^cc^r; ^ *^^ 

O 
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light and the care attending its use. By contrivances similar 
to those described above, the light may be continued for 
hours, but even then it is by no means perfectly steady, and 
the apparatus cannot be safely left without an attendant 
Another arises from the striking and unpleasant contrast of 
light and shadow that accompanies it, rendering, as it were, 
the surrounding gloom as manifest as the brightness of the 
light. It has, however, been used with excellent effect where 
a limited space had to be lit up for a few nights, such as in 
the construction of bridges across rivers and the like. It has 
also been applied with success to light-house illumination. 
The light-house at Dungeness has been lit up with it since 
1862, and that at La Heve, near Havre, since 1863. It has 
been foimd from these that the power of the electric light to 
penetrate fogs is immensely superior to that of the usual oil 
light At both light-houses the current is got from magneto- 
electric machines, driven by steam-engines. The machine at 
Dungeness was designed by Professor Holmes; it sends, by 
means of a commutator, the current in a uniform direction 
to the carbon points. The intensity of this light is said to 
be as 7 to 6 when compared with that of sunlight At 
La Heve, the alternate currents are sent to the points 
without the intervention of a commutator, which is attended 
with this advantage, that both carbons are consumed at the 
same rate. The carbons are ten inches in length, and 
last five hours. They are kept one millimetre apart The 
expense of maintaining the light, including coals, interest 
on capital expended, carbons, salaries, &c., is about two 
shillings i)er hour at La Heve. The galvanic battery has 
hitherto been found too troublesome a source of electricity for 
light-houses. Duchemin has lately, however, constructed a 
marine battery^ where a constant current is maintained by the 
simple action of sea water on zinc, which may yet prove 
important for such purposes. A cylinder of carbon and a 
plate of zinc are attached to a float of cork, and moored by 
conducting wires to the shore. As the supply of the excitLog 
fiuid is inexhaustible, no care is needed to keep the pair in 
steady working order. It has yet only been tried on a email 
scale. 
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Exploding Onnpowder at a DUtance. 

141. Tha amplication of the galvanic carreiit ki exploding 
gunpowder at a distance depends on the power it has to ignite 
thin wiieB of comparatively had conducting metals, snch as 
flted and platinum (100). The current must be transmitted 
to die point where the explosion is to take place bj good con- 
dnctaug wires, and the thin wire is made to connect the two 
ends c£ these wires in the gunpowder. A red-heat is thus 
only developed st the spot where it ia required. The circuit 
is not completed until all arrangements for the blasting are 
ready, and all persons connected with the preparations are at 
a safe distance from IL Roberts (1838) devised a method of 
conducting galvanic blasting which has since 
become universal. It is shewn in fig. 126. A tin 
tube, 3 inches long and } of an inch wide, is filled 
with gunpowder, and stepped with a cork at each 
end. Through one of the corks, two copper wires 
are inserted, ending in the cartridge in something 
like a pair of horns. The wires are insulated 
bom each other by woollen yam. They are coq' 
tinned without the cartridge for about 10 feet, 
when they part company so as to allow the battery 
wires to be attached to them. The ends of the 
horns within the cartridge are connected by a thin 
steel wire, J an inch in length, wound round and 
soldered to each of them. At the ends theie is of i 
coarse no insulating matter ; indeed they most be Fig ist 
filed or cleaned so as to make the connection with 
them and the thin wire complete. When a hole is bored for 
blasting, say 6 or 7 feet long and 2 inches wide, the cha^^e 
of powder and the cartridge are inserted so that the cartridge 
lies in the middle of the charge, and the rest of the bore is 
filled with straw and sand in the usual way. The lO-foot 
wires projea beyond the hole, and the battery-wires can be 
conveniently (^tached to them. When all is ready, the circuit 
ia completed, and the explosion immediBiui^ l-^ifi-si. '^^'b 
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steel wire is burnt away by the current, but the long copper 
wires are uninjured, and ready to be fitted up as before. Such 
cartridges are generally kept ready for use in mining establish- 
ments. In long circuits the function of the return wire may 
be performed by the earth, as in the electric telegraph. 

When several charges have to be fired at once, the whole 
are generaUy included in one circuit As there is always some 
difference in the steel wires, or in the way they are fitted, it 
not unfrequently happens that one cartridge is fired before 
the others. The circuit is thus broken, and the others are left 
unfired. With this arrangement, there is no certainty of a 
simultaneous discharge. In such cases, the galvanic cur- 
rent must be abandoned, and recourse must be had to the 
electricity of the induction coil. If the ends of the wires 
within the cartridge be brought so near that the induced cur- 
rent can leap over the distance between them, no steel wire is 
needed, the inductive spark itself can effect the ignition. After 
explosion, the distance of the ends remains the same and the 
sparks continue. If, then, there be several charges to be fired 
in the same circuit, the firing of one does not stop the current, 
which continues even after all have been fired. The induc- 
tion spark does not, however, kindle gunpowder with cer- 
tainty, so that between the ends some material must be 
placed more easily ignited than gunpowder — such as white 
gunpowder, gun-cotton, &c. When the number of simulta- 
neous explosions is great (five or six), some very readily 
exploded substance, such as fulminating mercury, must be 
placed in the path of the spark discharge. 

Abets fuses, lately introduced, are all that can be wished in 
the way of certainty and simplicity. Abel does not use a thin 
platinum wire between the two circuit terminations, but he 
uses what is in effect the same — a mixture that conducts, but 
conducts with difficulty. His fuses are primed with a mixture 
of chlorate of potassiimi, subphosphide of copper, and subsul- 
phide of copper. The conducting ingredient is the substil- 
phide of copper, which must be added in such a proportion as 
to render the whole difficultly conducting. When the current 
passes through the mixture, it develops sufficient heat to 
explode it, and theieby 1i3ci^ Oaaj%<i ^i ^ocsi^wder. Abel's 
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fases are chiefly intended for the electricity of the magneto- 
electric machine or of the induction coil, although the 
ingredients may be so compounded as to serve also for that 
of the voltaic battery. A very small machine is sufficient 
for the purpose. The little pocket machines employed 
for medical purposes fire readily one of these fuses. They 
are very small, some of them about half an inch in length, and 
half the thickness of an ordinary pencil. 



Electric Clocks. 

142. Electric clocks may be divided into two classes— those 
in which the impulse is given to the pendulxmi directly by 
electric power, and those in which it is given by a weight or 
spring alternately liberated and restrained by electricity. Of the 
first kind, that invented by Bain (1840) is best known. In the 
ordinary dock, it is the clock that moves the pendulum ; in 
Bain's clock, it is the pendulum that moves the clock. As 
the construction of the pendulum is the only part of it 
connected with electricity, we shall confine our notice 
to a general description of the pendulum action. The 

lower part of the pendulum ar- 
rangement is shewn in fig. 129. 
The bob, B, consists of a bobbin 
of insulated copper wire, and 
is hoUow in the centre ; the wires 
Wf w from, both ends run along 
each side of the pendulum rod 
R (the lower part of which alone 
is seen), and are in metallic connec- 
tion respectively with the two 
springs from which the pendulum 
hangs. Two magnets or bundles of 
magnetic rods, NS, N'S', are fixed at 
either side of the bob, and are of 
such dimensions that the holloa lQo\i Vsl '-^ ^'sssS^ssfiass^ ^ass^. 




Fig. 1S9. 
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pass a certain w&j over each without touching. The magnets 
have their like poles turned towards each other. The two 
springs of the pendulum rod are in connection with the two 
poles of a galvanic battery. In the connection between one of 
these springs and the battery, there is a break (not shewn in the 
fig.), worked by the pendulum rod. When the pendulum is 
made to move, say towards the right, it shifts a slider, so as to 
complete the connection between the poles of the battery. 
The current thereupon descends one of the wires of the pen- 
dulum, passes through the coil of wire forming the bob, and 
ascends by the other. In so doing, it converts the bob into a 
temporary magnet (113), the south pole towards the right, and 
the north pole towards the left. In this way, the south pole of 
the bob is repelled by the south pole S of the right-hand 
magnet ; and its north pole is attracted by the south pole S' 
of the left-hand magnet, so that from this double repulsion and 
attraction both acting in the same direction, the bob receives 
an impulse towards the left. Partly, therefore, from this 
impulse, and partly from its own weight, the pendulum 
describes its left oscillation ; and when it reaches the end of 
it, it moves the slider so as to cut off the battery current, and 
then returns towards the right, under the action simply of its 
own weight. On reaching the extreme right, as before, it 
receives a fresh impulse ; and thus, under the electric force 
exerted during its left oscillation, the motion of the pendulimi 
is maintained. So long as the electricity is supplied, the pen- 
dulum will continue to move. The current required is exceed- 
ingly weak, and Bain considered that it could be sufficiently 
excited by a plate of copper and a plate of zinc sunk into the 
ground, and acted upon by the moisture usually found there. 
This earthr-hatteryf as he called it, was expected to act steadily 
for years ; but the result proved far otherwise, for the soil not 
unfrequently dried up, leaving no trace of electrical action. 
The imperfection of the battery has led to a strong prejudice 
against these clocks — stronger, certainly, than they merit. It 
has been found, however, by those who have employed them 
for astronomical purposes, that little dependence could be 
placed on them, and that the proper conditions of pendu- 
lum motion were, from t\i^ -vufiXft^A-^ ^vsl^"^! <ii 'iiftfttaicity, 
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interfered with ; hence the opinion has been generally accepted, 
that a pendulum moved immediately by electricity, does not 
keep very accurate time ; and the ejQforts that have of late been 
made in electric clock-making, have aimed at rendering the 
pendulum independent of the irregularities of the motive 
agent. 

A very important application of Bain's pendulum has been 
made by Mr Jones of Chester. Shortly after the invention 
of Bain's clock, Professor Wheatstone suggested that any num- 
ber of such clocks could be made to move simultaneously by 
the same current of electricity. Mr Jones has turned this 
idea to account in the following way. A standard clock of the 
usual construction is made, by regulating the flow of a galvanic 
current, to control the action of any number of copying 
clocks, likewise of ordinary construction- The pendulum of 
the standard dock itself, in no way under electric control, on 
passing towards the right, touches a spring, placed at the side, 
thereby completing the battery connection, and a current is 
transmitted to the copying clocks in a certain direction. On 
passing to the left side, the same takes place, but the current 
this time is sent through the circuit in the opposite 
direction. The pendulums of the copying-clocks are made on 
Bain's principle, but have, of course, no break to move, as the 
primary pendulum performs that function. Let us suppose, 
at flrsl^ that all the pendulums are at rest ; in this case, no 
current is transmitted. Let the standard pendulum now be 
moved to the right, the right spring is touched, and a current 
at the same instant circulates through the bobs of the copy- 
ing pendulums, and they thereby receive a simultaneous 
impulse towards the left. All the pendulums move then to 
the left ; and on reaching the extremity of this oscillation, the 
standard pendulum touches the left spring, and the secondary 
pendulums are now impelled to the right. The motion of each 
secondary pendulum soon increases, until it reaches its proper 
extent The pendulums once set a-going, are, however, not 
intrusted solely to the stimulus of the electricity, but are 
moved by their own weights, as in ordinary clocks, so that if 
the electricity ceased to be sent to them, they would go on 
without it It might be supposed th^ ^ cA'oSx^ssL^Ti. ^l'Qcss^N?«i^ 
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forces, electricity and gravity, irould ensue ; such, however, 19 
not the case. While the motion of the clock is intrusted to 
its own weight, the pendulum suhmits docilely to the control- 
ling action of the electricity ; and thus a copying clock of 
little value may be invested with aU the perfection of the 
most costly observatory clock. The success of Jones's pendu- 
lum has been severely tested in the arrangement employed by 
Professor Smythe for firing the one o'clock time-gun at Edin- 
burgh. A clock in the castle of Edinburgh is made to liberate 
the trigger of the gun exactly at one o'clock. This clock is 
regulated on Jones's principle, by a clock at the Observatory 
on the Calton Hill, nearly a mile distant The Observatory 
clock, by means of electricity, sets off a time-ball on Nelson's 
Monument, about 100 yards off, at the same instant The 
fall of the ball, and the flash of the gun, though occasioned 
each by its own clock, are perfectly simultaneous. 

In the second class of electric clocks, the electricity is not 
charged immediately with the maintaining of the pendulum 
motion, but draws up the weight, or liberates the spring which 
discharges that function. This is the same principle as holds 
in what is known in horology as the *remontoir' escapement. 
Mr Shepherd of London was the first to introduce this prin- 
ciple into electric clock-making, and one of his clocks on a 
large scale was exhibited at the Great Exhibition of 1851. 



Electro-magnetic Machines. 

• 

143. These take advantage of the facility with which the 
poles of an electro-magnet may be reversed, by which attractions 
and repulsions may be so arranged with another magnet as to 
produce a constant rotation. The forms in which they /)ccur 
are exceediogly various, but the description of the apparatus 
in fig. 130 wiU suffice to illustrate their principle of working. 
NS is a fixed permanent magnet (it could be equally well an 
electro-magnet) ; the electro-magnet, ns, is fixed to the axis, w, 
and the ends of the coil are soldered to the ring c, encircling a 
projection on the axis. Tk^ tvii"^\iaa \.\«q ^^» m it^ dividing 
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it into two halves, and filled with a non-conducting materia}, 
«o that the halvea are insulated from each other. Pressing on 
this broken ring, on oppodta sides, are two springa, a and b, 
which proceed from the two binding-screws into which the 
wires, + and — , from the battery ace fixed. In the position 




shewn in the iigure, the corrent is supposed to pass along a, to 
the half of the ring in connection with the end/, of the coil, 
to go through the coU, to pass by ^ to the other half of the 
ring, and to pass along b, in its retutn to the batter;. The 
magnetism induced by the current in the ^electro-magnet, 
makes r a south and n a north pole, by virtue of wMch N 
attracts a, and S attracts n. By this double attraction, ni ia 
brought into a line with NS, where it would remain, did not 
just then the springs pass to the other halves of the ring, and 
reverse the current, making $ a north, and n a south pole, 
Bepulsion between the like poles instantly ensues, and tw 
is driven onwards through a quarter revolution, and then 
attraction aa before between unlike polea takes it through 
another quarter, to place it once wore axially. A perpetual 
rotation is in this way kept n^. T\v'i -mKciuKE Sj^ -^V^i^ n. 
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constant rotary motion may be obtained by electro-magnetisBi 
being nnderstood, it is easy to conceive bow it may be 
adapted to tbe discbarge of regular work. Powerful macbines 
of tbis kind bave been made witb a view to supplant tbe 
steam-engine ; but sucb attempts, botb in respect of economy 
and constancy, bave proved utter fBolures. It bas been 
found tbat zinc cannot compete witb coal as a source of 
mecbanical action. 

Jacobi was tbe first (1834) to construct sucb macbines. In 
1838 be constructed a macbine of } of a borse power, by 
means of wbicb be propelled a small boat on tbe Neva. 



Electric Telegraph. 

144. Tbe electric telegrapb, like every otber telegrapb, aims 
at producing intelligible signals at a distance. Tbe etymology 
of tbe word {teU, far off, and grapho, I write) implies tbat it 
is an instrument for writing at a distance ; but it bas come to 
signify any means of conveying intelligence otber tban by 
voice or writing. Tbe idea of speed is also implied — ^telegrapbs 
being seldom, if ever, employed wbere tbey cannot transmit 
intelligence at a mucb quicker rate tban can be done by the 
ordinary means of transit. Tbere are tbree agents, wbicb, 
from tbe rapidity of their propagation, are employed for 
telegraphing — sound, light, and electricity. Sounds, such as 
those of bells, guns, &c., form a convenient means of sending 
a single message through short distances. Light and electricity 
immeasurably exceed sound as an easy, rapid, and certain 
means of telegraphing through long distances. Light, though 
an extremely rapid, is by no means a docile agent. It 
proceeds in straight lines, and will not bend round tbe ball of 
the earth, or inequalities on its surface. The semaphore, 
which was an ocular telegraph, and the only good one before 
the electric telegraph, illustrated this. Towers had to be 
erected in prominent positions, within sight of each other, 
and the signals, which were maAfe^i^ oxo^ QTL^i3L^ta^ of them. 
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had to be retransmitted at every station. A large and well- 
trained staff was necessary to observe and transmit, and 
withal the work was slowly done. In foggy weather, more- 
over, the semaphore was useless. Electricity, which rivals 
light in speed, is most docile and trustworthy as a telegraphic 
agent. It silently wends its way in all weathers, over plain 
and mountain, across sea and land, and delivers its message 
familiarly in the office or parlour almost at the precise instant 
it was sent. 

The various forms of electric tel^raphs in general use are 
electro-magnetic The signals are given by the deflection of a 
needle to the rigjht or left, or by mechanism connected with 
the armature of an dectro-magnet, which sways to and &o 
under the action of the magnet and a coipiter spring, or 
between two opposite electro-magnets. Electro-chemical tele- 
graphs have also been designed, but they have never come 
into permanent use. Electric tel^aphs of all classes are of 
two kinds— those which, merely give passing signals to the 
observer or listener, and those which permanently record their 
signals ; the former may be called signalling, the latter 
recording telegraphs. The number of inventions connected 
with the electric telegraph is almost endless, and would 
engross a long series of volumes for their description. We 
shall here content ourselves with giving a mere outline of the 
working of the telegraph at present existing on most lines. 
The forms most in use everywhere at present are Morse's 
Telegraph and Cooke and Wheatstone's Needle Telegraph. 
For private use, some form of the magneto-electric dial 
telegraph is employed. In point of simplicity and certainty, 
Morse's system cannot be exceeded, and even as regards speed 
it stands equal, or nearly so, to the most rapid recorders. We 
shall therefore give an account of the general arrangements of 
a telegraph chiefly on Morse's system. 

145. Morses Recording Instrvmmb, or as it is shortly called, 
the * Morse ' or * Roister,* is shewn in f^g, 131. L is the Hue- 
wire, and E the earth-wire, conveying the current from the 
distant station. The current thus sent traverses the coils of 
the electro-magnet, MM', the armature. A, of which is in 
consequence drawn down. A is attached, t^ '^SokK^ \!iSM<eis. \X. ^ 
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moTing round the axis k. B7 the attntctioii of A, &.e end I 
is lowered, and brought ag^nst the Btnd n. The aimatnce 
most not touch the soft irou of the electro-mflgnet on being 
drawn down, for if it did it would atiok, aad wonld not be 
inBtantly released when the current cea»eB (114). Whan 
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the end f is lowered, the end I is itused ; If, at its inner 
end, carries a steel point or style, p, which hj the npwaid 
motion is brought against a atrip of paper, PF, tarried 
towards P' by the rollers r/, set in motion by clock-wotk, 
C, quite independently of electricity. The clock-work is 
liberated or stopped by the Bwitch S. The paper ifl supplied 
&oni a large roll or bobbin, above the instrument, wHch 
turns round as the rollers demand So long as the style ia 
elevated, the paper strip is made by the clock-work to rub 
against it. A line is thus embossed on its upper surface. To 
facilitate the doing of this, there is a groove in the uppeE 
roller, opposite the style. When the current from the distant 
station ceases, the lerer K is pulled back to ita original 
position by the spring s, and the style falls away from the 
paper. To prevent it falling too fer, another stud, m, lies on 
the other aide of the axis. When the circuit is again closed, 
the style once more marks tie paper, and thns the lever keeps 
oscillating under the opposii^ actions of the magnetism 
developed bythctranBnntw4tym«i«,,«sA'i!rft*iiaj3*^of tiie 
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spring 8. The time that the style remains elevated, determines 
the kind of mark on the paper. If it is nearly momentary, a 
dot is imprinted ; for a longer time, a dash. We have thus 
the combinations of an alphabet in the combination of dots 
and dashes. T*he following is the usual Morse Alphabet : 



S 
T 
U 
V 

w 

X 
Y 
Z 



Thus A is a dot and a dash ; B, a dash and three dots, &c. 
The alphabet is so arranged that those letters occurring most 
frequently are more easily signalled ; thus, E is one dot ; 
T, one dash. An expert telegrapher can transmit from thirty 
to forty words a minute by this instrument on a land-line of 
between 200 and 300 miles. Several modifications of Morse's 
telegraph have been made, the principal of which is to 
substitute ink marking for embossing. The beautiful instru- 
ments of the Siemens and Halske are of thil» kind. 

A clerk that has been well accustomed to a Morse telegraph, 
in transcribing, seldom looks to the paper. The mere 
clicking of the lever becomes a language perfectly intelligible 
to him. He need therefore only look to the record when he 
may have heard indistinctly. Sir Charles Bright does away 
with the recording instrument altogether, and substitutes two 
bells, one muffled, the other clear, sounded by a hammer 
oscillating between them. The bells speak a telegraphic lan- 
guage as quick as the clerk can write. Kecording instrimients 
are generally considered preferable to instruments which 
merely signal, as they fix any fault of transmission or copy- 
ing on the party at fault. Acoustic signalling, again, is pre- 
ferable to ocular signalling, as a person can hear and write 
much more easily than see and write. 

146. Transmtting Key,— Let us now tcasfiSss. ^"os. ^&;^iiscis^ss^ 
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to the distant station, to see how the cnnent is transmitted 
from it This is done by the transmitting key shewn in fig. 132L 
A brass lever, U, moves round the axis A. On opposite sides 

of the axis two 
nipples of platinnni, 
m, n, are soldered to 
its lower sides. The 
nipple m is called 
the hammer. Below 
n is the stop anvil, h, 
tipped with platinnm, 
Fig. 182. which is in connec- 

tion with the earth- 
wire K Below the hanmier, m, lies the anvil a, the nipple 
of which is likewise of platinum; a is connected by the 
wire C with one of the poles of the sending battery, gener- 
ally the copper pole. When the lever is left to itself, ti 
and b are in contact under the force of the spring 8, When 
the hand presses on the ebonite (insulating) handle H, 
contact is broken at n and h, and established at m and a. 
Three wires are in connection with the key, E and C 
just named, and L the line- wire from the distant station 
connected with the axis pillar, and therefore with the lever. 
When the key is in the receiving position, that shewn in the 
figure, the current from the sending station takes the route 
L, A, /, n, h, E, the Morse, then to earth. When H is pressed 
down, the key is in the sending position, and transmits the 
battery current by C, a, m. A, L, to the distant station. The 
play of the anvil and hammer need not be more than -^th of 
an inoh. This is more than sufficient (101) for completely 
breaking the current, and it allows of speedy manipulation. 

147. The Battery, — The batteries employed are in this 
country ahnost universally Daniell's. Constancy and certainty 
of action is what is most wanted in the battery, and these 
Daniell's battery yields. In Germany, Bunsen's battery is 
also used, charged with diluted sulphuric acid, the carbon 
being immersed in a mixture of 1 of acid to 10 of water, and 
the zinc in one of 1 to 20. When batteries have to be 
moved about much, &aa^ ia ^^]& m V^ kfifi:^ the liqtdd 
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£rom spilling. The number of cells employed yaxies with 
the distance, the insulation of the line, and the delicacy of 
the instruments. The register, as afterwards mentioned, 
is seldom worked directly by the transmitted cnrrenl^ 
but by relay. To work a relay with good insulation, 60 
Daniell's cells will suffice for a distance of 300 miles. For 
less distances, less of course will suffice. For short circuits, 
where the resistance is small and current strong, small cells 
soon exhaust themselves ; large cells therefore must be used to 
maintain the supply. Magneto-electricity is also employed as 
a source of the current. This answers well on short circuits, 
or for private telegraphs, but experience has proved that 
the galvanic battery is by far the most advantageous source of 
electricity for extensive telegraphic work. 

148. How Two StcUions are connected together, — ^The manner 
in which two stations are 'joined up' on Morse's system is 
shewn in fig. 133. B and B^ are the batteries at the stations 




Fig. 133. 



S, Sj ; A:, A/ are the transmitting keys ; n, n', the registers ; 
g, ^, the galvanometers ; LL the line-wire insulated on posts ; 
P, Pi, the earth-plates. When the key k, at the station S, 
which is here represented as the sending station, is depressed, 
the current from the battery B takes the following course. 
From the copper pole C, of the battery B, it goes to the anvil 
of kf passes through k to the galvanometer g, which having 
traversed, it goes into the line LL to the receiving station S^, 
traverses the galvanometer, the key hf^ the coila oithATssB^iBtt<i\ 
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thence it goes ' to earth ' at the plate P^, letoms by the ground 
to P at the sending station, and thus finally reaches the zinc pole 
Z of the battery B. At station S, h and n are out of circuit ; 
and at S|, 6' and battery B^ are out of circuit ; n is thrown out 
of circuit, because its coil offers a resistance equal to several 
miles of the line-wire, and it is requisite to keep down the 
resistance to the minimum. If it were in circuit, both 
registers could print simultaneously, but that is not necessary, 
one record at the receiving station being enough. The sender 
would thus have no idea as to whether his message had told 
or not, did not the motions of the needle of the galvanometer, 
g, reveal the currents put in circuit. The galvanometer also 
shews the presence of earth-currents on the line. If k were 
left to itself, and A:' depressed, the station S^ would then, be the 
sending and S the receiving station, and the connections 
would be exactly as shewn in the figure, only at opposite 
stations. 

Suppose the clerk at S wishes to tel^raph to S^, he 
depresses the key k several times, so as to send a series of 
dots and dashes giving the name of the station. The atten- 
tion of S^ is first arrested by the clicking of the annature of 
the Morse. He thereupon turns the switch S (fig. 131), and 
sets the clock-work in motion, and sends back to S that he is 
ready, and the printing thereupon begins. When both keys 
are depressed, the whole circuit is broken, so that when both 
sender and receiver have their hands on theic respective keys 
no message can be sent One might fancy that confusion 
would arise from cross messages, but clerks soon get over this 
inconvenience, and communicate back and forward with 
perfect facility. There is a code of working signals to indicate 
the kind of message, 'repeat,' 'understand,' ^., besides 
numerous recognised contractions. To arrest the attention of 
attendants, the current is sometimes made to ring an alarum 
beU. 

149. The Line. — Telegraphic stations must be imited by one 

insulated wire, either carried over land or under the sea. 

The insulation of land-lines is insured by attaching the wires 

to insulators fixed on posts some 20 feet high. The posts are 

placed at distances coixesi^oii<daxk%\A \k^ -oMmber of wires they 
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bave to cany. A distance of 80 yards is the ordinary distance 
for posts sustaining several wires, and 150 yards for those 
only supporting one. Insulators are of aU shapes. Porcelain, 
though a better conductor than glass, is not so apt to attract 
moisture, and is the substance generally employed for them. 
The insulator known as Andrew's Insulator, 
and used by the United Kingdom Company, 
which is shewn in section (fig. 134), is said 
to be very effectual. A bolt of iron, I, fixed 
to the cross-beam, Wy of the telegraphic pole, 
is cemented into the ebonite cup or bell ee, «i 
which in turn is cemented into the porcelain 
bell pp. The porcelain bell acts as an 
umbrella to keep the wood to which it is 
fixed dry and insulating ; that fsdling, the p^. ^^^ 

inside of the two cups is likely to remain 
dry and maintain insulation. The line-wire is kept fixed by 
binding wire into the groove a. The electricity has thus to 
travel over the outside and inside of both cups before it reaches 
the iron bolt, which is also coated with ebonite. Such insulators 
as the one described cannot be used in railway tunnels, as 
they get coated over inside and out with engine smoke, which, 
being conducting, quite impairs their efficiency. The leakage 
in a long line, notwithstanding the best insulation, is consider- 
able. The loss at each post is insignificant, but when 
hundreds or thousands are taken into account it becomes 
decided, so that merely a fraction of the total current that sets 
out reaches ike earth at the distant station. In rainy, and 
more especially in misty weather, the insulation suffers much. 

The wire most employed for telegraphic circuits is No. 8 
(yth. of an inch). The Electric Telegraph Company are 
beginning to use No. 4 wire on some of their long trunk lines. 

150. ^ Submarine Line is made by a cable. The core of the 
cable consists of one wire, or a strand of several wires of 
copper, as pure as can be got in the market. One solid wire is 
preferable to a strand of the same diameter in point of con- 
ducting power ; but a strand is surer ; for when one wire is 
broken at any point, the others still remain to conduct the 
current; there is no 'breach of continuity' 'WaK^'*3a& vss^s^ 
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■olid wiie gets brokeD, whicli not im&^quentlj ocean witb- 
out being visible outside, the cable becomes owleaB. Tiin 
strand of wire ie generally laid up in Chatteiton's com' 
pound, comristing of gatU-peicba tmd lednoiu BubHtouceB. 
The inteiaticee between tbe 'wiia ixe thns filled up, and 
thin makes the cable solid thioughonb It not un&eqnentlf 
happens, when tbia precaution is not taken, that water, under 
the great pressure of ocean depths becomes injected into 
them. The strand tbns laid up, is now included in one or 
more codtings of gutta-peicha, which acts as the inBulatiiig 
.protection for the wire. Chatterton's compound is generaUj 
pot between the layers of gutta-percba. The whole is 
flnaUy included in a eheathing of iron wire, laid on spirallf, 
to give iJie cable snfficient strength to withstand tlie strain of 
paying out, or that to which it may be subjected by the 
inequalities of the ocean bed. Between t^ iron sheathing and 
the gutta-percha, a layer of tarred yam is put^ which, acts as a 
padding between the two, and improves the insulation of tlie 
cable. Not onfrequently the 
iron wire of tlie Bheathing is 
also protected from corrosion 
by tarred hemp. Fig. 135 (fall 
eize) shews tbe construction of 
the Malta and Alexandria eaible, 
1330 nautical miles long, and 
one of the best in operation. 
Big. 1». The different layers ore so fiff 

peeled oS to shew the con- 
struction. C is a strand of seven copper vires, laid in 
Chatterton'a compound ; O, three layers of gutta-percha, with 
Ohatterton's compound between each ; H, tarred yam ; and 1, 
the eighteen wires conatitating the sheathing. The diameter 
out in the sea is OSS of an inch. Near the shore, the sheath- 
ing is made much stronger, to meet the danger of actudent 
from the drawing of anchors. 

Considerable dispute has arisen as to the best material for 
insulating marine cables. India-rubber and gutta-percha aie 
the two rival substances. It may be said in favour of gntt^ 
jwrcia that not one yail ol 'a,-wtKo.\oi, ^laa decayed, ai^ 
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that under ocean pressures, as proved by the Atlantic cable of 
1865, its insulating power decidedly improves. In favour of 
well masticated india-rubber, it is urged that cables, alike in 
other respects, will, when coated with it instead of gutta- 
percha, be capable of sending twice the number of words per 
minute, the specific inductive capacity being so much greater 
for the latter than for the former substance. On the other 
hand, india-rubber is not so trustworthy in point of durability, 
some specimens of it having become treacly after immersion 
for some time in the sea. 

151. The Earth. — ^Two wires are not necessary to connect 
two telegraphic stations, as might be supposed. One wire is 
quite suflBlcient, provided its terminations be formed by large 
plates sunk in the ground, or something equivalent. The 
plates are generally of copper, and should not offer a surface 
less than twenty square feet, and they must be buried so deep 
that the earth about them never gets dry. The gas and water 
pipes in a town make an excellent * earth' (earth connection). 
The great object in an * earth' is to put the whole ground in 
the neighbourhood in connection with the battery pole or line 
wire, and much the same precautions must be taken in making 
an earth for a telegraph as for a lightning-conductor (55). If 
the earth is not good, the current, instead of taking the ground 
as a passage to the distant station, runs into other wires con- 
nected with the plate and leading to where the 'earth' is good. 
When the 'earths' are good, the current passes through the 
earth between the two stations, no matter what be the nature 
of the country it has to pass, plain or mountain, sea or land. 
The earth resistance to the current, compared with that of a 
long line, is next to nothing. The earth not only serves the 
purpose of a second wire, but of one so thick that its resistance 
may be left out of account, and thus halves the resistance of 
the whole circuit. It is a question whether the current 
actually travels between the two stations, or whether an equal 
amount of opposite electricity becomes simultaneously lost at 
each. This question cannot be decided, as the electric condi- 
tions in either case are identical In conducting power for 
equal dimensions, the earth stands much inferior to the wire, 
but then its thickness, so to speak, is ind&fovit/^ ^g^:K:^i^Ks.^^ssSs. 
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hence its superior condacting power on the whole. One good 
' earth ' serves for all the circuits of a telegraphic station. 

152. Eettim Current — Inductive Embarrasimient. — ^When the 
line-wire at a distant station is ^ cut ' (insulated or disconnected 
with the ground), and is placed in connection with one of the 
poles of a battery, the other pole of which is to earth, at the 
instant in which the connection is made, a current flows into 
the wire, and if the insulation of the line be perfect, almost 
instantly ceases. The needle of the galvanometer makes a sadden 
deflection, and then returns to its position of rest. If now, at 
one turn of a commutator, the battery connection be cut ofi^ 
and the line be put to earth, the needle deflects momentarily 
in the opposite way, and the charge given to the wire T^xims 
and goes to earth. This flowing back again of the charge is 
called the return current. In land-lines the return current is 
very slight, in submarine cables it is very marked. The 
return current sh^ws that a telegraphic line may be charged 
statically, just like the insulated baUs, cylinders, &c., illustrating 
frictional electricity. A line of telegraph may be looked upon 
as a Leyden jar, the wire as the inner coating, the air or guttsr 
percha as the glass or dielectric, and the earth or sea as the 
outer coating. A coil of submarine cable, inmiersed in a 
trough of water when the core is insulated, may be charged 
and discharged exactly as a Leyden jar, the water being the 
outer coating. The return current is most marked in long 
lines. In such it is not necessary to 'cut' the wire, the 
great resistance of the long wire being equivalent to partial 
insulation ; the return current being, however, much smaller 
in extent. 

The statical charge, of which a line of telegraph ia thus 
capable, shews that the electric force not only tends to propa- 
gate itseK longitudinally, but laterally (34, 63). The effect of 
lateral induction is to retard the time of delivery of a signal, 
and to prolong it, so that although it is a momentary signal at 
starting, it becomes a prolonged signal at its destination. 
Wheatstone's calculation (50) gives a velocity of 288,000 miles 
per second for electric discharge. If signals were propa- 
gated at this rate, the time elapsing between the sending imd 
delivering of a current, even, otl ^\caa ^s^ysskdisii^ oyer one half 
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the circimiference of the globe, would be inappreciable. But 
in aerial lines of land telegraphs, even only a few hundred miles 
in length, there is evidence that electricity does not propagate 
itself at anything like that speed, and in submarine cables the 
velocity scarcely reaches thousands of miles per second. The 
mere slowing of the message would not matter so much, 
provided the signals, when they reached their destination, 
were told out as they were sent But they are not. Each 
signal at the receiving station takes a longer time to leave the 
line than it did to enter it. Hence, in a very long land-line, 
or in a cable, if the sender transmitted at the same rate as he 
does in short circuits, the signals would run into each other at 
the receiving station, and be undistinguishable. Time must 
be given to allow each signal to ooze out of the cable before 
another is sent. The effects of lateral induction on the 
transmission of telegraphic currents constitute what is termed 
inductive eTTibarrassment 

According to Professor Thomson, the maximum speed 
attainable on an aerial land-line of 2000 nautical miles in 
length, and consisting of an iron wire one-fourth of an inch 
in diameter, would be 20 words per minute. The same 
authority has established that the retardation increases with 
the square of the length of the line. Accordingly, on a line 
1000 miles in length, the number of words would be 80 ; on 
one 500 miles, 320 ; and so on. Direct lines are not worked 
for distances greater than 1000 miles, and very seldom even 
for the half of that distance. The maximum speed of tele- 
graphing on short circuits has been 50 words ; so that on a line 
1000 miles in length and one-fourth of an inch thick, there 
is still a wide margin before the lateral induction would inter- 
fere. Most land-lines, however, are not more than one-eighth 
of an inch thick, and in them the embarrassment would be 
felt nearly four times as much as in the line just mentioned. 
On a line 1000 miles in extent of No. 8 wire, it would be 
advisable to break the circuit half way, and resend at the 
mid-station by translation. The whole would thus be worked 
as two circuits of 500 miles, and the speed of signalling could 
be four times increased. The maximum speed of signal- 
ling through the 2000 miles of the Atla»!aR. N^'i^igcK^ 
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was two and a half words a minute. The copper core had a 
conducting power somewhat higher than a No. 4 iron wire. 
According to the law of squares, if the cahle had been 1000 
miles, the rate of signalling might have been increased to 10 
words ; if 500 miles, 40 words ; and so on. If the ratio of the 
thickness of the core to that of the insulating coating be kept 
the same, the number of words that can be sent yaiies as 
the amount of material employed, or as the square of the 
diameter of the cable. Thus, if a cable be of the same make 
and of equal length as another, but twice as thick, four times 
as many words may be sent by it. The thickening of the core 
alone is not all gain in the way of lessening embartassment, 
for while the conducting power of the core increases with ito 
section, the lateral induction increases with its circumference. 
Numerous explanations have been given of inductive 
embarrassment. We may suppose the charge at starting to 
have two inductive channels to reach the ground, one through 
the core to the further end of the cable, and the other through 
the gutta-percha. Electricity, when it has two channeLs, acts 
through each in the proportion of the facility offered it (34, 
63). If the gutta-percha were thick and the core short, the 
facility offered by the latter would be indefinitely greater 
than that offered by the former. There would be then 
no lateral induction, for the electricity would keep to the 
core. But when, as in long cables, it has some hundreds of 
miles of core and a quarter of an inch of gutta-percha to work 
through, the rival channels stand more nearly on a par. 
At each point the part of the electricity sent into the ci^le 
acts inductively through the gutta-percha, and the rest acts in 
the line of the core. This last is subject to this diversion as 
it moves along ; hence, if the cable be long, the whole is for 
the instant absorbed in charging the cable statically, and 
possibly only a part at a time. Such being the case, the 
further progress of discharge is effected not immediately by 
the force of the transmitting battery, but by the polariiy 
induced by it in the particles of the dielectric gutta-percha. The 
effect is somewhat the same as would be experienced in send- 
ing a charge of water through a pipe filled with the same, 
whose sides, tbougbL 'wa\»T-\.i^\.,'w«s» €^3»\aa. If the pipe be 
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long and narrow, and the friction of the water against the sides 
consequently great, on the charge being injected, the pipe on the 
sending side yields, and the farther transmission of the charge 
is effected by the elastic force of the sides. The charge 
travels as a wave to the other end, and its delivery is thereby 
retarded and modified. This temporary yielding resembles 
the inductive diversion of the charge to the gutta-percha. 

In aerial lines the lateral channel, the air, which is some 
twenty feet thick between the wire and the ground, offers 
much less facility for inductive action than in gutta-percha 
cables. The lateral induction is consequently very much less. 
In insulated subterranean lines it is nearly as much as in 
submarine cables. They are consequently never used except 
for short distances, where they are unavoidable. 

There is as yet no way of obviating lateral induction in 
telegraphic cables, except a thick core and a thick layer of 
insulating materiaL This is tantamount to saying there is no 
cure at all ; for in very long lines, where it is most felt, a 
thick cable cannot, from mechanical difficulties, be laid. 
There are several ways, however, of diminishing it. A material, 
such as india-rubber, whose specific inductive capacity is low, 
lessens the evil considerably. The tarred hemp used in cables 
also reduces the lateral induction. Some have suggested the 
use of a double wire in the cable, the second wire supplying 
the place of the earth. This has, however, been found to 
aggravate instead of lessen the eviL The use of electricity of 
high tension, such as that of induction coils, has also been 
tried. That such passes with greater despatch may be open 
to doubt, and that it is dangerous in causing the charge to 
puncture the gutta-percha, and thereby destroy the cable, is 
highly probable. A transmitting key was used in the Atlantic 
expedition of 1865, which had a double action. It first placed 
the cable in connection with one of the poles of the battery, 
and then with the ground. The first connection charged the 
cable, the second allowed discharge to take place at both ends 
of it By this key the number of words was increased, it is 
said, by one half. 

The insulation of submarine cables is almost perfect, so 
that inductive embarrassment muat iLOt \^ ^/ESQl<^k^ss^&s^^^E^&s^ 
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leakage. The indnlation of the Atlantic cable of 1865 wm 
BO perfect, that when ' cut ' and charged, it took 15 minutes 
to fall from charge to half-charge. 

153. Earth Currents, — These are very unwelcome visitors in 
telegraphic offices. They get into the circuit no one knows 
how. They flow sometimes in one direction, sometimes in 
another, change rapidly, and are frequently so strong as to 
render the line for the time quite useless. They seem to 
he formed as often in the wire as in the earth. They 
occur simultaneously with magnetic storms (20). The famous 
magnetic storm that raged on August 2, 1865, at the same 
time that the Atlantic cable ceased to act, was accompanied 
by earth currents so strong that the astronomer-royal con- 
sidered it impossible, even if the cable had been perfect, to 
have signalled through it. The only remedy for earth 
currents is to do away with the earth circuit, and put two 
wires to the same place in one circuit. Although the earth 
current runs equally strong in both, the two wires bring it 
to opposite ends of the instruments at the stations, and its 
effect is thereby neutralised. This, of course, can only be 
done where two wires exist Little or nothing is as yet known 
of the laws regulating such currents. 

154. Relay (Ger. Uebertrager), — Hitherto we have supposed 
that the recording instrument of Morse is worked directly by 
the line current. This is only done on short circuits, generally 
less than 50 miles. On long circuits, direct working could only 
be accomplished by an enormous sending battery. The loss by 
leakage ou the way is very considerable, so that a current 
strong at starting loses greatly before it reaches the station 
intended ; besides, the leakage becomes all the greater the 
greater the number of cells employed, or the greater the tension 
of the battery. It is found a much better arrangement to get 
the * Morse ' worked by a local current, which may be made 
as strong as requisite without any loss, and to include a very 
delicate instrument in the line circuit, which has only to 
make or break the local circuit. Such an instrument is 
called a relay, the principle of -the action of which is shewn in 
Gg. 136. Instead of the electro-magnet of the register being 

in the line circuit, \iift e\fcc\.T^yTo»gaft\., 'S*^ <il 'tik*^ -relay- ia 
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included. The coil is long, and of thin wire, and a very faint 
current is sufficient to develop magnetism in the core. The 
line current pasaea 

through the coila of ^' 

E juBt aa it ia repre- 
Bented doing through 
that of the Morse in 
fig, 131. The armature 
of the relaj, A, ia 
attached to a lever, 
li, moving round the 
axis a. When a cui- 
tent ia sent through the 
coil, the lever ia drawn 
down, and the end i 
rests on the screw S. 

When there ia uo current, the elasticity of the spring a brings 
it back against the acrew S'. The apring, «, ia eo adjusted that 
the play of m' may he made aa easy or Btiff as the strength of 
the line current requires. The pillaia N and P are connected 
with the polea of the local battery. The metal aprii^ « places 
the lever ti in conducting connection with P. The poles of the 
battery may therefore be taken to be the screw S, and the end e" 
of the lever. When these are in contact, the local current 
flows, and it stops when <' ia brought back against the insu- 
lated screw S'. The Morse is included in the local circuit. 
When a current comes from the sending stAtion, the armature, 
A, is attracted, «' falls on S, the local circuit is closed, and 
ttie Morse begins to print. When the current ceases, s' &l1s 
on S', and the style of the Morse is withdrawn from the 
paper, The effect is thus the same as if the line current 
printed, and not the local current By this means, a current 
that would have no effect on the Morse, can complete the 
local circuit, and print most l^bly. 

1B&. Sow levend Stationt are amneettd in one (Kreait. — 
This is effected in three ways— by au open eircuxt (Qer. Arbeitt- 
jfrom), by a cloud circuit (Qer. Euheitrom), and by iTantlatimt. 
In all of these, each station may telegraph simultaneously to 
all the atati(ms in the circuit, and if the ia«e8a%ft •usosjo^'C&Kax 
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all, a record may be printed at each station. When a station 
wishes to telegraph to another, it keeps frignalling the name 
till the station in question signals back that he is ready. The 
others, finding that the message does not concern them, leave 
the two concerned in possession of the circuit 

The arrangement of an intermediate station in an open 
circuit is shewn in fig. 137. L^ and Lj are the wires &om 

the terminal stations ; B is the 

— b« J=i — relay; the rest mean the same 

A. Ji. as in fig. 133. The station is 

\ a A ^ represented as receiving. The 

....N^-.^---XT^ — line current passes through the 

— Y^^^f key, the relay R, and goes on to 

__^^^^l|~~n^^^^ Lg. The relay sets the local 

^ISHHRMHHHP^ battery and the register in 

Fig. 187. operation. The line current is 

brought into the station^and led 
out without being affected. Electrically, it is the same as if 
it had gone on in the air direct &om L^ to Lj. When the 
station sends, the key is depressed. The current goes &om C 
into the line L^, is earthed at the one terminal station, leaves 
the earth at the other, and returns to Z by Lg. The battery 
here has no ^ earth,' as at the terminal stations, the arrange- 
ment of which is as in fig. 133. An 'earth,' however^ is 
generally put at each station, so that it may be worked as a 
terminal station if required. R at sending is out of circuit 
According to this plan, every station must have a battery as 
strong as the terminal stations. In the closed circuit, no 
battery is needed at the intermediate station. If the battery 
and its connections be removed, fig. 137 gives the arrangement 
in a closed circuit The battery may be placed only at one 
terminal station, or it may be divided into two, and a half put 
at each end — ^both, however, being joined up to act with, not 
against each other. The circuit is closed when no one operates, 
so that a current constantly flows. The keys breaking the 
connections stop it for the time. The relays act negatively, 
making the Morse print when there is no line current, and be 
at rest when it flows. If S' in the relay (fig. 136) were unin- 
0uJated, and S inB\x\aleA, i\. -wavJXdi wdtm \i. ^^«R^<awinit. The 
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advantage of the closed circuit is, that the batteries which 
require considerable attention are confined to the terminal 
stations, where they can be best cared for. Besides, little or no 
adjustment is needed for the relays. In the closed circuit, all 
the relays are in circuit at once. Open and closed circuits are 
used in lines where a number of smaller towns are joined 
together, the business of all of them being no more than 
sufficient to keep the line working. They are for short 
distances, seldom more than 200 or 300 miles. 

When two stations, say 500 miles apart, are to be connected 
by telegraph, it is seldom done by a direct line, it being 
found more efficient to transmit to a half-way station, and thence 
to retransmit to the end one. The retransmission is effected 
not by manipulative skill, but by mechanical contrivance, 
so that, while the half-way station may read the message sent, 
no time is lost in the transmission, and the two end stations 
and the intermediate station communicate with each other as 
readily as if they were in an open or closed circuit. This 
mechanical retransmission is called translation. It is effected 
by making the lever of the register act as a relay in trans- 
mitting a message to the next station. The system, to be fully 
explained, would require more detail than we can here 
give to it. We shall only shew how translation can be effected, 
leaving out of account how 
all the stations can communi- 
cate as in one circuit We 
also suppose, for the sake of 
simplicity, that no relay is 
needed, and that we are deal- 
ing with a direct working 
register. The current, C^ (fig. 
138), from the sending station 
enters the coil of the register 
M, and goes thence to earth 
P, and returns as shewn by arrow C^. The register may 
record or not, according to the message, but its doing so 
or not in no way interferes with translation. The copper 
pole, C, of the battery is connected with the lever W of 
the register, and the zinc pole is to eaxtiby. '^K\^ss^>2e^Ns5v^ 
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is drawn down hy the current, C„ it Btrikefl agunrt tlie point 
at the top of the pillar jt, that checks its motion. The pillar 
p is joined to line L,, nmniiig to the further station, and 
when the lever falls, ft second circuit — namely, that of the 
batterj — is closed, in which C, the lerer, the pillar, L^ the 
fnrther station, the earth, p, and Z afe all included. Thus, as 
It prints at the intermediate station, it at the same time sends 
a new printing current t« the next When it ceases to print, 
so does the register at the distant station. It is in this way 
tliat parliamentary news is transmitted simnltaneously to all 
the important towns lying between London and Aberdeen, 
At the shore ends of submarine cables there is always B 
translating apparatus. This allows the cable to be worked by 
a battery suited to i^ 
withont loBS of time in 
making it a special 
circuit 

156. Cooke and 

WheaUUyaes Kttdle 
rei^opA,— This con- 
siatB of an upright 
galvanometer (88), with 
the astatic needles 
loaded at the lower 
end to keep them, when 
not acted on, in a verti- 
cal position. A front 
view of the single 
needle instrument is 
pven in fig. 139, and a 
back or interior view 
in fig. 140. One needle 
moves within the coil 
00, and the other on 
Plj_ ijj the face of the dial. It 

is the dial needle which 
acts OS the indicator. The alphabetical code is made up by 
combinations of the right and left deflections of the needle. 
Tie old alphattet ia ^veiiia6^\?iS. kKt-m^'i^ia w^ \ftft 
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deflectioiu, M bj one right ; B by one right, then one left ; B 

by one left, tlien one right ; Q by two right, and one left j and 

BO on. The thatt arm indicates which beat is made first, and 

the long that made second. The Electric and United Kingdom 

companies now adopt an alphabet corresponding to Moree'a 

code, a right-band deflection corresponding to a daah, and a, 

left-hand deflection to a dot. The instrument is bo arranged, 

that when the handle, U, stands erect, the whole is in the 

receiving state. When the handle turns to the right or left^ 

the instrument sends, and the needle deflects accordingly to the 

left or right at both the sending and receiving stations. The 

inatrmnent (fig. 140) 

has four connections: 

L, the line wire ; E, 

the earth wire ; C, the 

copper pole of the 

sendii^ battery; and 

Z, the zinc pole. It 

is represented in the 

receiving position. 

The current takes the 

course L, a, the coil 

Tj the ipring cd, the 

metal points in the 

pin|J, the metal spring 

ef, thence by 3 to 

earth. The handle 1 

in front works the 

cylinder PIN, which 

turns on the axis n. 

It is divided into 

three parts : those 

marked F and N are 

covered with copper, jjg. idj 

and are insulated 

from each other by the intermediate part, I, which is of ivory. 

By the spring et, which presses against it, P becomes the + 

pole of the battery, and by the spring mi, through the axis n, 

N becomes the — pole. A met^ tooth, k^ ia iisA. ta B^bs^ 
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another, ^ to N. These stand vertical, and are out of drcait 
when the instrument is in the leceiying position. When a 
zinc (reverse, or negative) current is pnt to line, the handle, H, 
is so turned that h presses against the spring dc, and removes 
it from the point at d, thus breaking the receiving circuit At 
the same time that h presses on {2c, I; presses on or. The 
reverse current takes the following course : Z, t, n, N, ^, c, coil, 
a, L, distant station, earth, £, g, r, o, Jc, P, s, t^ C. When the 
handle is turned the opposite way, h presses against efy and 
h against another spring similar to or, on the other side of P, 
which is not shewn in the figure, and which is connected with 
the strip of metal c, and thereby with 00, and the copper (or 
positive) current is put to line. The cylinder PN acts as a 
commutator, sending a copper or zinc current, according to 
the side towards which it is turned. Sometimes two needles 
are placed in the same box, each having a separate line- 
wire to work it The telegraphing can be much more 
expeditiously done with two needles than with one, as two 
deflections can be made at once, one on each instrument The 
rate of signalling with a double needle is rather above what 
can be done by a Morse. Seeing that two wires are necessary 
for a double needle instrument, and that only one is necessaiy 
for a Morse, it is a much more expensive instrument Single 
needle lines are much used for working railways, and for 
circuits with little traffic, but not for main telegraphic lines. 
The needle instrument is delicate enough to be worked direct 
without a relay. The dial of these instruments is movable, so 
that when earth currents deflect the needle to a position from 
the vertical, the stopping pins still stand at an equal distance 
on each side of it. When several stations are joined on the 
needle system, the open circuit arrangement is employed. 

167. (^tnmology of(h4 Elsctric Telegraph, — ^Ampere suggested 
as early as the year 1820 the employment of a galvanometer, 
lines of wire, and a battery as a means of telegraphing. The 
first occasion on which this suggestion was carried out and put 
to practical use was in the year 1833, when Gauss and Weber 
at Qottingen, with a view to aid their magnetic observation^ 
united the Observatory and Physical Cabinet, distant about 
a mile, by two wixea Bus^eii"9Lfc^ m ^x. The indicator was a 
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leflecting galvanometer, an instrmnent similar to tliat shewn 
in iig. 20, with the suspended magnet in the centre of a coil 
of wire forming part of the circuit Their alphabet was 
made up of combinations of right and leffc deflections. This 
apparatus, the &:st ever employed for practical telegraphy, 
has lately, in the hands of Professor Thomson, become the 
most sensitive of all telegraphic instruments. His reflecting 
galvanometer is the only instrument at present by which a 
cable, 2000 miles in length, may be worked with low 
tension (2 or 3 Daniell's cells). It consists of a magnetic 
needle, only one grain and a half in weight, suspended by a 
thread without to^on within a sensitive gdvanometer ciiL 
A tiny mirror is attached to the magnet, by which a beam of 
light directed against it is reflected upon a scale at some 
distance. When no current passes, the reflected ray lights up 
the zero-point of the scale. When a current is sent, it travels 
to the right or left according to the message. If earth 
currents turn the reflected ray to a point right or left; of this 
true zero, this point may be taken as the zero for the time 
being, and. signals may be sent right and left of it as before. 
Gkiuss and Weber's tel^aph was merely looked on as a scien- 
tific curiosity. It was not till the year 1837 that the electric 
^^raph promised to become a matter of general and practicsJ 
importance. In that year three systems of telegraphy of inde- 
pendent origin were tried, and so nearly at the same time, 
that all three lay claim to priority. In June of that year, 
Cooke and Wheatstone patented a five-needle telegraph, and 
the patent was put in action on the Great Western Bail- 
way soon afterwards. These inventors have undoubtedly the 
credit of being the first to construct a line of telegraph for 
general purposes. Their lines consisted of imderground insul- 
ated wires. Cooke derived his first ideas from a lecture he 
heard at Heidelberg given by Professor Munke, in which Baron 
von SchOling's horizontal needle tel^raph was described, 
said to have been constructed as early as 1832 or 1833. In 
July of 1837, Steinheil, at Munich, stretched tel^raphic 
wires over the houses of the town from the Physical 
Cabinet of the Academy to the Observatory of Bogenhausen, 
about three miles ofl^ He tel^raphed in three 'vs.^% V| 
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the deflections of a needle, by the sounding of two bells 
of different tones, and by printing a strip of pax>er. In 
October of 1837, Professor Morse exhibited his system on a 
line of half a mile in extent. Morse's system is at present 
more used than any other. Steinheil's printing system is 
also extensively employed, more especially on the continent. 
Steinheil's system of printing is different from Morse's ; + 
and — currents print each a different mark. In. Morse's 
system either current prints indifferently. Steinheil's alphabet 
consists of dots to the right and left of the strip of paper. 
It is thought that the telegraphing by right and left dots 
can be done more quickly than dots and dashes in a line. In 
1838, Steinheil discovered the efficacy of the earth circuit and 
the need of only one wire. To Steinheil is also due the merit 
of being the first to stretch wires in air on insulating supports, 
and to shew the applicability of magneto-electricity to tele- 
graphic purposes. Cooke and Wheatstone patented the first 
step by step telegraph in 1840. This invention was worked 
by voltaic or magneto electricity. In 1846, Bain patented lus 
electro-chemical telegraph. In this instrument ^ piece of 
paper, moistened with an acidulated solution of ferrocyanide 
of potassium, is laid on a revolving plate of metal under a 
steel point pressing gently on it. As the current passes 
through the paper from the point to the plate it marks it 
with blue dots or dashes, as in Morse's system. No relay is 
needed. This system, to all appearance one of the most 
simple and delicate, has never come into permanent use. 
Morse's telegraph did not come into practical use till 1844, 
when it was used on the first American line between Wash- 
ington and Baltimore. The first successful submarine cable 
was laid between Dover and Calais in 1851. Faraday first 
announced the effects of lateral induction in 1854. The 
telegraph was completed by the Persian Gulf to India in 1865. 
Three attempts have been made to establish telegraphic com- 
munication with America ; the first in 1857, the second in 
1858, and the third in 1865. In the first and last, the cable 
snapped, and was partially lost ; in the second, it was laid, but 
became useless in a few weeks. These failures, however, 
more especially the last \wo,\iaN^ ^'e»\aJc>V\aVkftdthft "practicability 
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of the undertaking. Telegraphs printing in Roman type have 
been tried, and are now apparently gaining ground. Hughes' 
and Dujardin's telegraphs are of this kind, the latter used by 
the Electric, the former by the United Kingdom Company. 
Their action is at present not much superior to a simple Morse. 



The Telephone. 

158. This is an instrument for telegraphing notes of the 
same pitch. Any noise producing a single vibration of the 
air, when repeated regularly a certain number of times in the 
second (not less than thirty-two), produces, as is well known, 
a musical sound. In art. 115 we found that when a rod 
of iron was placed in a coil of insulated wire, and magnetised 
by a current being sent through the coil, it gave out a distinct 
tick when it was demagnetised by the stoppage of the current. 
A person when singing any note causes the air to vibrate so 
many times per second, the number varying with the pitch of 
the note he sings, the higher the note the greater being the 
number of vibrations. If we then, by any means, can get 
these vibrations to break a close circuit in which the coil just 
mentioned is included, the note sung at one station can be 
reproduced, at least so far as pitch is concerned, at another. 
Beis's Telephone (invented 1861) accomplishes this in the 
following way. AA (fig. 141) is a hollow wooden box, with two 
round holes in it, one on the top, the other in front. The hole 
at the top is closed by a piece of bladder, S, tightly stretched 
on a circular frame ; a mouth-piece, M, is attached to the 
front opening. When a person sings in at the mouth-piece, 
the whole force of his voice is concentrated on the tight 
membrane, which in consequence vibrates with the voice. 
A thin strip of platinum is glued to the membrane, and con- 
nected with the binding screw a, in which a wire from 
the battery, B, is fixed. A tripod, efg, rests on the skin. 
The feet e and / lie in metal cups on the circular frame over 
which the skin is stretched. One of them, /, rests in a cup 
containing mercury, and is connected with the binding screw 6. 
The third foot, g, consisting of a platinum point, lies on th& 



drciUar end of the strip of platinum jnst meiitioned. This 
point being placed on the centre of the OBcilUting membrane, 
acta like a ho^^ier, and hops np and down with it It is easy 
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to iinderstand how, for eveiy vibration of the membrane, 
the hopper will be thrown np for the instant from connection 
with its snpport, and how the close circuit is thna broken at 
every vibration. The receiving apparatus, R, consists of a coij 
of wire placed in circuit, encloaing an iron wire, both being 
fixed on a sounding boi. The connections of the variouB paite 
of the circuit are easUy learned from the flgore. Suppose a 
person to sing a note at the mouth-piece which produces 300 
vibrations a second, the circuit is broken at the bladder 300 
times, and the iron wire ticking at this rate gives out a 
note of the same pitch. The note is weak, and in quality 
resembles lie sound of a toy trumpet. Dr Wright uses a 
receiving apparatus of the following kind, llie line current 
is made to pass through the primary coil <rf a small in- 
duction coiL In the secondary circuit he places two sheets 
of paper, silvered on one side, back to back, bo as to act as a 
condenser. Each current that comes from the sending 
apparatus produces a current in the secondary circuit, which 
cboiges and discharges the condenser, each discharge being 
accompanied by a sonnd like the sharp tap of a small 
Tinmmw, The musical notes are rendered by these electrie 
discharges, aadarelo'd&eno'a^VitAhesccd in a large bull , 
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wade's Magneto-Electric 

Mr H. Wilde of Manchester has lately patented a magneto- 
electric machine, which, with a sufficient expenditure of 
mechanical energy, can be made to furnish any amount of 
current electricity. It accomplishes this with a simplicity 
and economy hitherto uneq^aaUed, and it promises thereby to 
extend immensely the practical importance of electric science. 

The machine is founded on a new and somewhat paradoxi- 
cal principle — ^viz., that a current or a magnet indefinitely weak 
cam, he made to indv>ce a current or a magnet of indefi/nite 
strength. A general description will best shew how this is 
proved and applied. 

Fig. 142 shews a front elevation of a 7-inch machine, con- 
structed for the Commissioners of Northern Light-houses. It 
consists of two separate machines — a purely magneto-electric 
machine, and a machine which is both electro-magnetic aniiL 
magneto-electric. Both machines are in the main very similar, 
and in many respects identical, the only difference being in 
size and power. The smaller machine, MM', which is purely 
magneto-electric, is seen surmounting the other. The norse- 
8hoe permanent magnet, MM', is the foremost of a series of six- 
teen similar magnets, placed the one behind the other in a 
horizontal row. Each weighs 3 lbs., and sustains a ^ei^t ol 
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20 lbs. The siiteen mt^ets are fixed below to the ti 

eylindtr, c, Bhewn on a 

larger scale in Gg. 143. 
This ia partlj made up 
of cast-iron, partljr ot 
braas, The two iron 
components, it ((JH. 143), 
form the eidea of it, and 
the brass bars, bb, lie 
between them. They 
are bolted firmly to- 
gether by the biaaa 
bolts, iV. The magnet- 
cylinder ia about 13 
inches in length ; in 
the centre of it ia accn- Fir us> 

rately bored a circular 

bole, extending the whole way, SJ Inches in diameter The 
inner ^e sumces of the magneta below are accurately fitted 
to the npright plane sidea of the magnet^Iinder, and are 
firmly secured to it. By this meana the cast-iron portions of 
the magnet- cylinder, ii, form the polar terminations of the 
magnetic battery, the braas bars, M, between them, breaking 
the magnetic continuity. 

A cylindrical armature, aa, of caat iron is made to revolTe 
within the magnet'Cylinder. Its diameter is ji^th of an mcli 
lesa than the diameter of the cyhnder, which enables it to 
revolve without friction in verj close proiimity to the polar 
Eurfacea. The manner in which it ia centered is, for the sake of 
simplicity, not shewn in the upper roachine, but it ia ahewn 
in the lower machine, where, as ia afterwards mentioned, 
the constructioa, though larger, ia perfectly similar. The 
framework for snataining the axia of the armature is firmly 
bolted at gg. Fig. 143 gives, as jnst mentioned, an enlarged 
cross section ; fig. 144 shews an enlarged side-view. Two 
rectangular grooves, wl, are made on opposite sides, giving to 
it somewhat the appearance of a rail. About 50 feet of insu- 
lated copper-wire, ww, is wound lengthwise into these grooves 
in three coils (shewn in aection, fig. 143). The coil thus 
formed is shut ia by wooden packing, W. In fig. 144 this 
packing is removed from the two ends to shew the longi- 
tudinal winding of the coiL To prevent the wires from being 
driven out bv the centrifugal force generated in the rapid 
rotation of the armature, straps of sheet-brass encircle the 
armature at regular intervals, and are sunk in i^qovsa 
prepared for them in the caat-iiotv, 'I'»iti wt^ iA.'otbb.OS*-,™* 
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the Ammtuie 
the rotation i 



to these are attached the 
of rotation, jy. On the 
further axis (the back azi« of fig. 142) the 
pulley, m, is fiied, lonnd which passes the 
strap from the steam-enfine which works 
the machine. On the other axis (the front 
axis of the figtire) two rings aie put, one, n, 
insulated from it, and the other, n', con- 
nected with it. One end of the armature 
coil is in connection with the anoature, and 
thereby with the axis and n', the other end, 
Ib ioBolated and fixed by a binding-screw 
with n — It and n' are thns the terminals of 
the coiL They are made of hardened steel, 
and the spiws, i and /, which press against 
them are of the same mateiiaL . 

Starting from the position shewn in fig- 143, 
the armature in one revolution induces two 
oppoute curreutB in the coil, one iu the first, 
the otherin the second half-revolution (122). 
It will be seen (fig. 144) that the separation 
between n and n lies obliqnely. In this 
way, each spring, » or e', presses against a 
different ring at each half-revolution. As n 
and n' change their electric sign, it is so 
arranged that they change the spring, s or /, 
against which they press. Thus t and «' 
receive their corrents always in the same 
direction, consequently the wires, o and a', 
convey the current awav from the machine in 
a uniform direction. The armature is made 
to revolve 2500 times per minute, and SOOO 
waves or currents of electricity are trans- 
mitted to the wires, o </. 

Thui far we have nothing essentially 
peculiar in Wilde's machine. The construo- 
tion of the magnet cylinder is quit* novel, 
though the position of the armature, which 
is decidedly the most advantageous, is not 
new, as it was adopted several years ago in 
Siemens and Halske's magneto-electric 
machine. One advantage of this poaicion 
lies in the motion of the armature not 
br the air. In the ordinaiy position of 
(fig. l\6l, mMdi. •£. thft work applied to 
1 expeniei ui. ftit snaaWa^ \ftalosi% Sub, ^, 
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There is no such loss in Siemens and Halske's or Wilde's 
machine. Another advantage is derived from the inductive 
action of the macnet heing exerted directly on the coil, as 
well as through me intervention of the armature. If the 
coil were made to rotate without the armature, currents would 
be induced in it of the same kind as that induced by the 
armature, though of feebler intensity, the maximum points 
of which would occur when the coil was moving through the 
line joining the poles, and the minimum points when it was 
at right angles to that position Q24 — 126). Now these are 
the converse of the maximum and minimum induction points 
of the armature (123). In the position in which the armature is 
placed in this machme, both armature and coil contribute to 
the current, the one most when the other gives least, and 
vice versd. The same advantage is not secured by the ordinary 
construction. 

We come now to describe the singular peculiarity and 
merit of Wilde's machine. The current got from the 
magneto-electric machine is not directly made use o^ but is 
employed to generate an electro-magnet some hundreds of times 
more powerful than the magneticTatter^ originaUv employed, 
by means of which a corresponding mcrease oi electricity 
may be obtained. This electro-magnet, EE' (fig. 142), forms 
the lower part of the figure, and by far the most bulky portion 
of the entire machine. It is of the horse-shoe form, E and E', 
forming the two Hmbs of it. The core of each of these, 
shewn by the dotted lines, is formed by a plate of rolled iron, 
36 inches in height, 26 inches in length, and 1 inch in thick- 
ness. Each is surrounded by a coil of insulated copper wire 
(No. 10) 1650 feet long, wound round lengthwise in seven 
layers. The current has thus, in passing from the insulated 
binding-screw, r, to the similar screw /, to make a circuit of 
3300 feet. Each limb of the electro-magnet is thus a flat reel 
of covered wire wrapped round a sheet of iron, the rounded 
ends alone of which are seen in the figure. The upright iron 
plates are joined above by a bridge, P, built up awo of iron- 
plate, and are fixed below the whole way along with the 
iron bars v, v to the sides of a magnet cylinder of precisely 
the same construction as the one already described. The 
iron framework of the electro-magnet is shewn by the dotted 
lines. The depth of the bridge is the same as the breadth of 
the bars, t/, t/, which are of the same size as the bars, v, v. 
The various surfaces of juncture in the framework are 
planed so as to insure perfect metallic contact The upper 
and lower machine are in action precisely alike, only the. 
upper magnet is a permanent magckftt.^ oxkdk >^^ \<s^«l ^s&Kk 
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electro-magnet We have the same magnet cylinder, I, I, the 
same armature, A, and springs, SS', and the same poles, IZ ; tJie 
size is, however, different ; the calibre of the magnet cylinder 
is 7 inches. The diameter of the lower armature gives the 
name to the machine — viz., a 7-inch machine. Figs. 143 and 
144 are on the scale of the lower machine (fig. 142). The 
length of wire on the lower armature is 350 feet It is 
35 inches in length, and is made to rotate 1800 times a 
minute. The cross framework attached at p;gf to the magnet 
cylinder, in which the front journal, /, of the armature rotates 
(at Q), is shewn in the lower machine (fig. 142). "WTien 
the machine is in action, both armatures are driven simul- 
taneously by belts from the same countershaft For the 
electric light, the currents conveyed to the springs^ S and 
S', need not be sent in the same direction (140). In that 
case, the separation between n and n' is vertical ; and each 
spring presses against only one ring during the whole 
revolution, receivmg and transmitting each revolution two 
opposite currents. Oil for the journal and conmmtator is 
supplied from the cup C. 

The machine here described is intended for a three-horse- 
power steam-engine, but more power might be expended on it 
A larger engine could drive the smaller armature faster, and 
thereby cause much more energy to be expended, and more 
electricity to be induced in turning the lower armature than 
with a power of three horses. The machine, when worked 
with a power of three horses, will consume carbon sticks 
three-eignths of an inch square, and evolve a light of sur- 
passing brilliancy. With a machine that consumes carbons 
hall' an inch square, a light of such intensity is got, that when 
put on a lofty building it casts shadows from the flames of 
street-lamps a quarter of a mile distant upon the neighbouring 
walls. The same light at two feet from the reflector darkened 
ordinary sensitised photographic paper, as much in twenty 
seconds as the direct rays of the sun at noon on a clear day 
in March in one minute. 

Mr Wilde furnishes for the electro-magnet cylinder of many 
of his machines two armatures : one an * intensity armature,' 
similar to that just described ; the other a * quantity arma- 
ture ' — one of which may be easily substituted!^ for the other. 
The quantity armature, instead of insulated copper-wire, is 
enveloped in folds of insulated copper-plate, or ribbon, which, 
offering little resistance, a current of much greater quantity, 
tljough of less tension, is given off. It is with the quantity 
armature that expexmverv^^mthe heating power of the macldne 
are best performed. '^iiV ^ \<^\xv.Oei q^^skd^^ ^smajbure Mr 
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Wilde succeeded in melting an iron rod 16 inches long and ^ 
inch thick. 

WUde's machine enables us to convert any amount of 
mechanical energy into electricity. By increasing the size 
of the electro-magnet, or by using a second electro-magnet, 
induced by the first, an unhmited amoimt of energy can be 
expended, and so converted. The size and weignt of the 
apparatus is also smalL The entire machine just described is 
under 5 feet in length and height, is 20 inches wide, and 
weighs a ton and a hsui Mr Wilde also contemplates making 
a smaller machine, useful for lectures and institutions, to 
be worked with the hand, which wiU form a ready and 
convenient substitute for the galvanic battery in electric 
experiments. 

Mr Wilde attributes the power of his machine to the power 
that an electro-magnet has of ' accumulating and retaining a 
charge of electricity in a manner analogous to, but not iden- 
tical with, that in which it is retained by the Leyden jar.' The 
polar terminals, for instance, of a very large electro-magnet 
-can be made to give a bright spark 25 seconds after all connec- 
tion with the exciting magneto-electric machine has been 
broken. 



Construction of Induction Coils. 

In article 120 the general construction of the induction 
coil is described. As this instrument is every year 
becoming of greater pr^tical utility, a few details m fmv 
ther illustration and amplification of what is there said 
will not be out of place here. The coil of the secondary 
bobbin is exposed to very different tensions throughout its 
length. The middle of the wire, when the coil acts 
in the usual way, has no tension, and may be taken as the 
neutral groimd between the -|- and — electricities of the 
halves, the tension on each of which increases as the pole is 
aoproached. The tensions reach a maximum at the poles. 
The electricities of each half have a tendency to strike into 
each other, or into the primary coil, or other part of the 
bobbin coimected with the ground. Even two successive por- 
tions of the same half have the same tendency, for a less + 
stands as a — to a more positive, and a less negative is + to 
a more — . The object therefore to be aimed at in the 
insulation is to prevent either of the electricities from sparking 
into each other or into the ground. In the oidinas^ <^\b^sc«^su- 
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tion the wire is coiled first round the centre of the bobbin all 
the way along, and layer after layer is put in re^;ular succession 
the one above the other, with insulating material between. In 
this way the greatest tensions are in the inside and on tiie 
outside layers, the poles coming directly from them. Li tiii^ 
arrangement it is extremely difficult to maintain proper insu- 
lation. The utmost care is needed to keep the electricity of 
the inmost layer of wire from leaping into the primary coil, 
and even when this is fully accomplished, there is a Leyden- 
jar action between the inmost layer of the secondary and tbs 
outmost layer of the primary coil which hinders the free 
delivery of the electricity with which it is charged at its pole 
(121). The neutral point of the secondary wire is put nearly 

midway between me inside 
and the outside of the coil, at a 
place where the insulation is 
best, and least needed. We 

PI I fn — I — I — f — I — I — I — Ip' ®^^ mention two ways of ob- 
viating this defect 

Fig. 145 is intended to shew 
the construction of the cele- 
brated coil constructed by 
Pj^ j^g Siemens and Halske, and 

exhibited at the Exhibition 
of 1862. PP is the hollow tube in which the primary coil is 
put. The bobbin is made of ebonite, and the central part 
IS thickest at the ends and thinnest at the middle, being 26 
millimetres at the ends and 12 at the centre. It is 95 
centimetres in length. To this tube are cemented 1 60 thin 
discs (only a few are given in the figure) of ebonite at equal 
distances, dividing the whole len^h into compartments. 
Each compartment is filled up with copper wire '14 of 
a millimetre thick, covered with silk and varnished. The 
various compartments communicate with each other, so that 
the whole wire is continuous from, end to end. The 
length of the whole is 129,000 metres. The silk and 
varnish on the wire are sufficient insulation between the 
convolutions in each compartment, and the discs are proof 
against the spark striking through between thenu The coil 
may be thus said to be insulated, as it were, wholesale and 
retaiL The insulation of the various parts from each other is 
thus complete. As regards external insulation, least is 
required tor the middle compartments, where the tension is 
least, and there is least danger of the electricity breaking 
through into the primary coiL The tension of the eiiS 
compartments is gcea\.e&\.. X.^:AQ^\£k5^^^>^^ \2q2q^ is thinneni 
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at the middle and thickest at the ends. The thickness at 
the ends not only prevents the electricity striking through, 
but lessens the Leiden-jar action between the ends and 
the primary coiL With one Bunsen cell this coil ^ves a 
spark of 21 centimetres ; with six cells, one of 58 centmietres 
in length. 

The section of the bobbin of a secondary coil (17 inches! 
in length), of much smaller 
size and of a less expensive 
character, is given in fig. 
14a The coil of which it 
forms a part was made by Mr 
Hart of Edinburgh, under the 
author's direction, and was 
lately exhibited before the 
Boyal Scottish Society of Arts. 
The central tube, PP, is of hard- 
ened wood ; d, D, and d!, are ^^' ^*^- 
thick discs of gutta-percha cemented to the tube. The wire 
is coiled in two portions, beginning at the middle, m ; the one 
half being coiled to the right, the other to the left. II" the whole 
could be seen, it would look like one coil from end to end with 
a disc in the middle. The two halves communicate by a wire 
piercinff the central disc at m. Gutta-percha paper is wrapped 
round the tube to a thickness of more than a quarter of an inch 
before the wire is wound on. Each consecutive layer of wire 
(copper covered with silk) is separated from the one above or 
below by two or three sheets of gutta-percha paper. The coil 
has the greatest thickness at the middle, and tapers off to the 
ends. This is done in conformity with a principle discovered 
by Jacobi and Lenz (1844), namely, that in an electro-magnet, 
where the wire is imilbrmly distnbuted over its length, the 
inductive power is greatest at the centre and becomes feeble 
at the ends. It is sought in this coil to proportion (approxi- 
mately) the length of the wire coiled in different parts of the 
bobbin to the electro-motive force of the primary coil at that 
part. In this way the quantity of electricity given off by 
each part of the coU should be the same (95). The ends of 
the primary coil, where the inductive force is least, are left 
free. The sparks given off by this coil, which are nearly 
seven inches in len^h (with six Bunsen cells), are peculiarly- 
dense, the quality aimea at in the construction. The lengtn 
of the wire is about seven miles. 

The double form of the bobbin throws the middle of the 
wire next the primary coil. Here the tension being least, 
there is little or no danger of tha ^Iftctecv^^ «"^{«5«^sss^\s&Rk*^asfc 
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pnmaiy coil. As the wire leaves the centce it incieaaes in 
tensioD, but as the tensiou rises, the insiilation from the addi- 
tional sheets of ^tta-nercha paper between the different layers 
is also increas^ The tension is thus placed where it can 
be best withstood. The electricities of the poles are kept frcon 
nnitine by the thick central disc (I inch tmck and extending 
1^ inches beyond the coil), and a considerable thickness (» 
gutta-percha placed over them. Within the coil they are kept 
apart oy all the gutta-percha paper on each half of it. To 
prevent the gutta-nercha from altering in the presence of tiie 
air, which it usually does, the whole is enclosed in a layer of 
melted paraffin. As the wire is symmetrically coiled, each 
terminal has exactly the same power, a feature never seen in 
the usual construction. 

For large coils, mercury-breaks or rheotomes are almost 
always employed. A wire is made to dip into a cup of mer- 
cury and lifted out alternately, so as to make and break con- 
tact in the primary circuit The interruption thus made is 
much improved by pouring alcohol over the mercury ; the 
spark of the extra-current (119) taking place with more diffi- 
culty in alcohol than in air. As pure mercury, when ^us 
used, is apt to be broken up into globules under ike constant 

motion, an amAlg nfn of ^ver 
or platinum, of a treacly 
consistence, is substituted 
with advantage. The mer- 
cury-break, sketched in fig. 
147, and used by the author 
in conjunction with the coil 
just described, works with 
singular steadiness and effir 
ciency. A spiral, 89^^ of No. 
13 copper-wire is made of 
about an inch in diameter, 
and six inches in lengUi, 
is stretched out to about 
nine inches, and soldered 
to two rings on the rod j9, 
half an inch in diameter. 
To shew the construction 
more clearly, the convolu- 
tions are shewn few and fax 
^' apart. In the apparatus k- 

self the spiral hides almost 
entirely the rod beneath. The rings being wider than the 
rod, keep the spiral twe ttom W Tckfc \sy«« ring, b, ii 
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insulated from the rod ; tlie other, a, being fixed by a binding- 
screwto it, is in conducting-connection with it. The rod is partly 
of iron, partly of brass, and conununicates with the binding- 
screw, c. A wire, m, is soldered to one of the convolutions a 
little above the end of the iron part of the rod, and comes out at 
right angles. It is turned down at the end, so as to dip into 
a cup of mercury, e, which communicates by the pillar, h, with 
the bindingHBcrew, d. The break is on a separate stcmd from 
the coil, and is so placed in the primary-circuit that each 
binding-screw is connected with a coating of the condenser. 
When the commutator turns the current on, the spiral is 
gently moved by the hand, and if the wire dips into the 
mercury, continues in constant oscillation. The cup is raised 
or lowered till the point is got where the best sparks pass 
between the terminals of the coil, and fixed there with a 
binding-screw. A spiral, so hung, forms a delicate pendulum, 
which only requires a small force to keep it in steady motion 
up and down. This the electric and magnetic action suppUes. 
When the current passes, it goes from c up the rod, down the 
upper part of the spiral into the cup, and thence to the bind- 
ing-screw, d. The iron rod becomes magnetic, and tends to 
send the various convolutions at right angles to the lines of 
magnetic force (111). Moreover, the various convolutions are 
the seat of a current moving in the same direction in all, and 
they consequently attract each other (fig. 93). Under this 
double action, the dipping-wire is lifted out of the mercury, 
and its own elasticity brings it back, a^ain to complete the 
circuit, again to be liited out, and so forth. A reversal of the 
current, causing a reversal of poles, the action of the spiral is 
indifferent to the direction of the current. To prevent oxida- 
tion, the part of the wire that dips should be of platinum. 
The alcohol on the surface must be more than an inch deep, 
otherwise it is scattered about in all directions by the break- 
ing spark. If not, the vessel must be closed with a lid. 

Such a spiral as the one just described is stiff, and does not 
admit of good regulation ; it can be made, however, to move 
slower if a small weight be hung on the dipping-wire. The 
number of convolutions being small, and the spiral stiff, it re- 
c^uires a strong current to work it ; it is so short, and adds 
httle or no resistance to the primary circuit If the spiral be 
made of finer wire, it can be made to work with a very 
feeble current, but then the resistance it introduces into 
the circidt is considerable, and this ought to be as much 
as possible avoided. In fig. 148, another form is given of 
this spiral break. Here the spiral is worked by a separate 
cell, and is not in the primary ciivL\]i\> ^1 Ai!GL<^ ^ks\. ^T\^ 
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spiral is of the same height as the other when closed and 
distended, but of finer wire (^th of an inch) — its diame- 
ter also is less. It admits 
of eas^ r^^ulation. The arm, 
hy which can be fixed to the 
pillar, k, can be inserted into 
any purt of the 8pii*al9 bo as 
to lessen the osciOatii]^ part 
of it ; to shorten, in fact, the 
pendulum. The shorter the 
acting part of the spiral tho 
- quicker does it oscillate, sani 
^ thus any alteration in nte 
can be got In this aTiaiige-= 
ment there are two cnp^ and 
the projecting wire has tiro 
dipping portions, one for 
each, which rise and d^ 
simidtaneously, or nearly do, 
according to the adjustment 
of the cups. The spiral circuit . 
is exactly the same as befoxe. 
The cou-circuit, connected 
with the apparatus, consists 
of the two cups and the wire fork, noff and it is complete 
each time the ends of this fork dip into both. The cup, «, 
and the wire, /, are common to both circuits, but there 
is thereby no confusion or opposition of currents what- 
eyer be the direction of the currents transmitted. The 
cup, ly is easily adjusted, so that the dipping-wire, n, leayes 
the mercury just before / does so, and thus the break 
in the coil-circuit is effected only in the cup L The course 
of both currents is marked ; that of the spiral by dotted, 
and that of the coil by full lines. When the dipping-wire 
of this spiral just touches the surface, it b^ins to moye of 
itself without the aid of the hand. 




Fig. 148. 
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Abel's foaes 228 

Amalgam 77 

Amalgamated zinc 107, 124 

Ampere's rule 140 

Anions and Anode 161 

Ajmatures 7 

Aureole 191 

Back-stroke , 84 

Battery, Bnnsen's 138 

, constant 135 

, DanieU's 135, 213 

, electric 89 

, galvanic 131 

y tension and 

quantity arrangements of — 

^ 131, 154 
Battery, galvanic, tension or 

electromotive force of — 

124, 130, 161 

Battery, gas : 134 

, Grove's ....^ 137 

, iron 138 

. , magnetic 5 

, marine 226 

, sand 238 

, Smee's 133 

, thermo-electric. 214 

, Wollaston's 131 

Bohnenberger's electrometer . . . 132 

Breaks 185,189,268 

Brush, electric 79 

Cations and Cathode 161 

Charge by cascade 89 

, conductive 56 

■ , inductive 54 

Circuit, closed Ill, 249 

, galvanic Ill 

, homogeneity 

and polarity of 115 

Circuit open Ill, 249 
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Coerdtive force 7 

Coil, primary 187 

, secondary 187 

Commutators, or Bheotropes — 

190,253 

Compass, mariner's 23 

Condenser 93 

, for induction coil...l90 

Conducting power of metals... 149 

Conductor, negative 77 

, prime 75 

Conductors and non-conduc- 
tors 49, 61, 63 

Consecutive poles 9 

Coulomb's torsion balance... 44, 73 

Crown of cups, Volta's. 131 

Current, chemical unit of 145 

electrolytic action — 

16^,219 

electro-magnetic unit 

of 207 

Current, galvanic 109, 114 

, theoretical 

views of on|;in of 119 

Current, heatmg effects of — 

83, 100, 192, 227 

, physiologicid effects 

of 84,157,192,199 

Current, strength or quantity 

of 124,126,140,151 

Currents, action of the earth on 176 
Currents, attraction and repul- 
sion of 171 

Currents, derived 156 

, earth 153 

y extra 119 

y induced 186 

, sinuous 180 



Declination 16, 17 

needles or dedino- 

meters '^S^ 
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DUmftgnetio bodies 42 

DiamftgiLBtism 39 

Dielectrics 60 

Dip, magnetic 17, 31, 34, 201 

Dipping needle 24 

Directive action of the earth... 16 

Discharge, continued 114 

^, dismptiye 79 

, eflTects of 63 

Discharger, universal 91 

Discharging tongs 86 

Diurnal variation of the needle 36 
Double touch 9 

£leotric attraction and repul- 
sion, laws of 75 

Electric chimes 83 

clocks 46 

dance 82 

egg 193 

figures, Wright's. 193 

— — liunps 139 

light 222 

machines 76, 82 

mortar 91 

pendulum 46 

polarity 48, 62 

Electricity, atmospheric 97 

concentrates on 

points 70 

Electricity, disguised or bound 86 

^, distribution of 67 

• , frictionaL 46—106 

• , of two kinds 46 

, sources of 48 

— — -, theories of. 31 

; , velocity of 92, 244 

Electrics and non-electrics 51 

Electro-chemical order of the 

metals 122 

Electrodes 161 

Electrodynamics 171 

Electrolysis 161 

Electro-magnetic machines 232 

rotations 176 

units. 206 

Electro-magnetism 178 

Electro-magnets 181 

Electro-metallurgy. 219 

Electrometers and elednro- 

SGopes 71 

Electro-motive force..l26, 130, 161 

• , cYveicdcai » . 

unit of .ASi\ 
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Electro-motive force, electro- 
magnetic unit of 210 

ElectromotoTB or rii0omot(nrB...121 

Eleetrophorus 95 

Electro-plating and gil^Ung .220 

Electro-tonio state..... 183 

Electrotype 219 

Exploding gui^rawder at a 
oistanoe ^JS27 

Galvanic pair 107 

Galvanism 107—170 

Galvanometers 141, 2S5 

Glow 79,193 

Inclination 17 

Induction coil 189,265 

1 current or Tolta- 

electric 188 

Induction, magnetic 6 

f magneto-electrie....l96 

^, statical 51 

■ 9 Faraday's 

theory of 58 

Inductive capacity 61 

embarrassmmt 246 

Insulating stool 83 

Insulation 50 

Isodinic lines SL 

Isodynamic lines 32 

Isogonic lines 28 

Lens's law 161 

Leyden jar 85 

Lightning 97 

conductor. 102 

Local action 124 

Magnetic charts 27 

curves 2 

elements 16 

field 3 

intensity 17, 26 

meriditms 30 

moment 3 

needle 4 

parallels 30 

polarity 1 

poles of the earth.... 29 

sounds 182, 257 

variations 20 

Magnetisation 8 

Magnetism 'j 44 

^^^^os^^'^tlxeoryof 178 
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Magnetism of rotation 202 

' , terrestrial 15 

f theories of 14 

terres- 
trial 37 

Magneto-electric machine 197 

Magneto-electricity 195 

Magnetometers, Gauss's 21, 26 

Magnets, action on each other 12 

, affected by heat. 13 

^,formsof 5 

^, kinds of 1 

, power of 12 

Ohm's Law 151 

Paramagnetic bodies 39, 42 

Pile,Volta's 131 

y Zamboni's dry 131 

Points, effect of 70, 83 

Polarisation, galvanic 135 

, electric 52, 59, 71, 118 

, magnetic 6 

Pole unit 26,207 

Poles, galvanic Ill 

^, magnetic 1 

Proof -plane 42 

Quantity, electric 64 

Belay 248 

Resistance 124, 147, 149 

coils 143 

-, unit of. 150,207 
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Rheostat 147 

Rheotom 185, 189, 268 

Roberts's cartridge 227 

Saturation point 11 

Secondary action 163 

Single touch 8 

Solenoids 179 

Spark, electric 79, 191 

, galvanic 101 



Striking distance 90 

Telegraph, aerial line of 240 

, Bain's 266 

, Cooke and Wheat- 
stone's 252 

Telegraph, electric 234 

, Morse's 235 

, Steinheil's 255 

f submarine line of... 242 

Telephone 257 

Tension, electric 64, 124 

Thermo-electric pair 215 

pile 217 

series 216 

Thermo-electricity 214 

Translation 251 

Vacuum tubes 193 

Voltaic arc 224 

electricity 107—170 

pair 107 

Voltameter 144 

Wilde's magneto-electric 
Return current 244 [ machine 259 



THE END. 
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